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ABSTRACT 
 
The ecology of the Buton macaque (Macaca ochreata brunnescens) is poorly 
understood, and its status and habitat preferences have not been previously 
investigated. The aim of this study was to determine the population density and 
population size of the Buton macaque in the forests of central Buton.  The habitat 
requirements of the species were also investigated.  Data collected indicate a 
population density of 14.9 Buton macaques/km², and a current population size of 3,752 
within the protected forests of central Buton.  This is likely to be viable in the long-
term.  No habitat preferences could be identified, although the current habitat appears 
adequate. 
 
Howler monkeys (Alouatta spp.) were studied in Honduras with the aim of identifying 
the species present and characterising its activity patterns.  There is dispute over the 
identity of the howler monkey species occurring in Honduras, but morphological and 
behavioural data presented here indicate that the species present in the Cusuco 
National Park, Honduras, is A. palliata.  A new, molecular, species identification 
technique using non-invasively collected DNA samples extracted from faeces was also 
employed, although this was unsuccessful.  Differences were observed between the 
activity budgets of male and female howler monkeys, which could be explained by 
their different social roles.  However, the sample size of the study was relatively small. 
 
The eye morphology of the tree frogs Agalychnis calcarifer and A. craspedopus, is 
unusual within the genus Agalychnis.  The iris of these two species displays apparent 
metachrosis (colour change) as the eye opens, a phenomenon which is unreported in 
amphibians.  This study uses a new technique involving digital image analysis to 
quantitatively assess this process, and to determine the mechanism by which it occurs.  
Observations suggest that the visible colour of the iris is modulated by revealing 
different areas of the iris as opposed to redistributing pigment.  The eye morphology of 
A. calcarifer and A. craspedopus was also described in relation to other Agalychnis 
frogs.  The advantages and limitations of digital image analysis as a morphometric tool 
are discussed. 
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GENERAL INTRODUCTION AND AIMS 
 
This degree was undertaken with the aim of obtaining experience in a range of 
ecological, behavioural, morphological and molecular techniques.  The work was 
carried out in a number of research settings including laboratories, zoological gardens, 
and museums, but reflected my research interests by focussing on field studies of 
primates in tropical forests. 
 
The projects are linked by the common theme of using technology to solve zoological 
and ecological problems.  Recent methods such as the use of computer-assisted 
techniques to assess population density, and the use of satellite technology to study 
animal ecology were employed.  New techniques were also devised, such as using 
digital photography and image analysis as a morphometric tool, and developing 
molecular techniques to identify species from non-invasively collected genetic 
material.  These were practiced alongside more established methodologies such as 
behavioural, line transect, and quadrat sampling. 
 
The projects investigate different aspects of biology, and are therefore presented 
separate chapters. 
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Chapter One 
 
Population Ecology and Conservation of the Buton 
Macaque (Macaca ochreata brunnescens) on Buton 
Island, Southeast Sulawesi, Indonesia 
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1.1 INTRODUCTION 
 
1.1.1 Study Species 
Macaques are primates of the family Cercopithecidae (Old World Monkeys), sub-
family Cercopithecinae and the genus Macaca (Roonwal and Mohnot, 1977). A total 
of nineteen extant species of macaques are recognised.  Macaques occupy the greatest 
diversity of habitats and have the widest geographical distribution of all non-human 
primate genera, ranging from 40˚N to 40ºS latitude (Nickelson and Lockard, 1978, de 
Waal and Luttrell, 1989). Seven species (37% of the genus, in just 1% of the land it 
occupies) are endemic to the island of Sulawesi (formerly Celebes), more than any 
other comparable land area (Reed et al., 1997, Sugardjito et al., 1989).  Details of the 
Sulawesi macaque species are given in Table 1.1. 
 
Table 1.1.  Sulawesi macaque species.  Species, common name and distribution are taken from Fooden, 
1969. 
Species Common macaque name Distribution (area of Sulawesi) 
Status (IUCN, 
2003) 
nigra Black crested Northeast Endangered 
nigrescens Dumoga-bone North Lower risk 
hecki Heck's Northwest Lower Risk 
tonkeana Tonkean Central Lower risk 
maura Moor Southwest Endangered 
ochreata Booted Southeast Data deficient 
brunnescens Buton Southeast (restricted to the  Vulnerable 
    islands of Buton and Muna)   
 
Sulawesi holds one of the world’s most unique radiations of anthropoid primates 
(Rosenbaum et al., 1998).  The Sulawesi macaques are generally medium sized (~5 
kg) and are thought to be descended from a single ancestral species (probably the pig-
tailed macaque, M. nemestrina), separating approximately 4.5 million years ago 
(Fooden, 1969, Whitten et al, 1987).  Their taxonomy has been disputed, but the Buton 
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macaque (the subject of this study) and the booted macaque are believed to be the least 
substantially separated of all the Sulawesi macaques. The only visible difference is that 
the Buton macaque (Fig. 1.1.) has a brown crown and trunk (as opposed to black), 
shorter, mat fur and a shorter face than the booted macaque (Fooden, 1969, 1980, 
Groves, 1980, Hamada et al., 1988).  Groves (1980) concluded that based on 
morphological evidence, and the fact that the two species have only been separated for 
a maximum of 10,000 years, the Buton macaque should be considered a subspecies of 
the booted macaque, and should therefore be referred to as M. o. brunnescens.   
 
 
Fig. 1.1.  The Buton macaque. Photograph: Maiko Murimachi. 
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1.1.2 Diet 
Macaques in general have been described as opportunistic frugivores (Chivers, 1986).  
O’Brien et al. (1997) determined that the diet of the black crested macaque depended 
mainly on fruit (66% of observed feeding bouts), with the fruit of over 145 species 
consumed.  The diet also included invertebrates, some vertebrate prey and vegetative 
material (Fooden, 1969). Kilner (unpublished) found that the Buton macaque 
consumed mainly fruits (particularly kapok, Ceiba petandra) and some insects and 
fungi, but a large amount of food was raided from farms.  Crop raiding was frequent, 
occurring on 71% of study days, suggesting that farms may be an important food 
source (Kilner, unpublished, although this study was short, N=17 days). 
 
1.1.3 Behaviour 
No behavioural studies have been published on the Buton macaque, but black crested 
macaques are diurnal, semi-terrestrial animals (Reed et al.1997).  They devote 23.6 % 
of their daily activity budget to foraging, with most of the day being occupied by 
exploiting and moving between resources that fluctuate temporally and are widely 
dispersed (O’Brien and Kinnaird, 1997).  The black crested macaque spends 22.5% of 
the day moving, with a daily path length of approximately 2 km (O’Brien and 
Kinnaird, 1997).  Home ranges were approximately 2 km², and patterns of home range 
use were dependant on the spatial and temporal distribution of food, and on habitat 
quality (O’Brien and Kinnaird, 1997).  Primary forest was used significantly more than 
expected due to chance (O’Brien and Kinnaird, 1997). 
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1.1.4 Threats and Conservation 
Habitat loss or modification is regarded as the major problem facing wildlife 
conservation globally (Johns and Skorupa, 1987), and is the single greatest threat to 
the survival of virtually all primate species (Mittermeier and Cheney, 1987).  Twenty 
one million hectares of tropical forests worldwide being destroyed annually (Laurance, 
1999).  On average, 1.7 million hectares of Indonesia’s forests were lost each year 
between 1985 and 1997, during which time 20% of the forests of southeast Sulawesi 
were lost (Mackinnon and Whitten, 2001).  Almost all of Indonesia’s lowland forests 
have already been exploited by commercial loggers (Myers, 1984), and what remains 
is continuing to be degraded annually (Johnson and Cabarle, 1993).  All seven species 
of Sulawesi macaque are facing threats due to habitat loss or hunting (often as 
agricultural pest control) with some populations experiencing a 75% decline over 15 
years (black crested macaque: O’Brien and Kinnaird, 1997, Rosenbaum et al., 1998).  
Black crested macaques are more abundant in undisturbed than disturbed forest, 
probably due to the higher carrying capacity owing to greater food quality and quantity 
in primary forest (Rosenbaum et al., 1998). 
 
The Buton macaque is endemic to the islands of Buton and Muna, inhabiting lowland 
and hill forest, although Muna is virtually totally deforested and it is thought that its 
population of Buton macaques is likely to be extinct (Mackinnon, 1986, Operation 
Wallacea, 2003).  The island of Buton is probably the last refuge of the species, but 
this too is under threat, as the island is being deforested at an estimated rate of 10% per 
annum due to logging and clearance for subsistence farming, despite being designated 
protected areas (Operation Wallacea, 2003).  Hunting is not a large threat to the Buton 
macaque as the majority of the people of Buton are Muslim, and the consumption of 
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monkey is forbidden by Islam, although some hunting is practiced for crop pest control 
(Priston, unpublished). 
 
The Buton macaque is facing a high risk of extinction in the medium-term future 
(IUCN, 2003), and yet virtually nothing is known about the subspecies. Buton 
macaques, have been the subject of a number of taxonomic and genetic studies (such 
as Evans et al., 1999, 2003, Fooden, 1969, 1980, Groves, 1980) but behavioural and 
ecological research on Sulawesi macaques has focussed on the Sulawesi black crested 
macaque (such as Fesitner and Lee, 2001, O’Brien and Kinnaird, 1997, Rosenbaum et 
al., 1998, Sugardjito et al., 1989).  An extensive literature search has revealed no 
published research on the behaviour or ecology of the Buton macaque, although this is 
of paramount importance to the conservation of the species.  The GEF (Global 
Environment Facility) has expressed an interest in providing funding for managing and 
possibly restructuring the Lambusango and Kakenauwe protected forests (Operation 
Wallacea, 2003).  The introduction of a long-term monitoring and management 
strategy is intended for Buton macaques, but data on the population density and habitat 
requirements are necessary.  Assessing the status of populations in unprotected, in 
addition to protected, areas is important for endangered primates (Feistner and Lee, 
2001).  Density data can be used to derive estimates of population sizes of endangered 
species (Karanth and Nichols, 1998), indicating whether or not the population is viable 
(Franklin and Frankham, 1998, Lynch and Lande, 1998).  Data on habitat utilisation 
are also critical to species management as it allows effective targeting of conservation 
measures. 
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1.2 AIMS 
 
This project aims to:   
1. Determine the population density, size, and viability of Buton macaques in 
central Buton.  This will allow recommendations to be made on the size of 
reserve required to support a viable population. 
2. Complete a thorough habitat survey of the area, and investigate the relationship 
between macaque abundance and habitat variables in order to ascertain habitat 
preferences. 
3. Search for any associations between macaque abundance and the three study 
sites, and between protected and unprotected areas, and attempt to explain these 
in terms of these in terms disparity in habitat. 
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1.3 MATERIALS AND METHODS 
 
1.3.1 Study Site 
Indonesia lies within southeast Asia, and has greatest diversity and variety of primates 
in the world, making it probably the most important country for primate conservation 
in Asia (Rosenbaum et al., 1998).  The country is made up of over 17,000 islands that 
extend over almost 5000 km with an area of 1.9 million km² (Fig. 1.2), and has the 
highest level of biodiversity of any country (Whitten et al., 1997).   
 
 
Buton
 
Fig. 1.2.   Map of Indonesia, highlighting Buton Island with an arrow (CIA, 2004). 
 
The island of Sulawesi (2˚ N - 6˚ S) (Fooden, 1969) is the fourth largest in Indonesia, 
with an area of 159,000 km², measuring approximately 800 km by 500 km (Whitten et 
al., 1987) (Fig. 1.2).  Sulawesi lies in the centre of the biogeographical zone of 
Wallacea, a unique region where Asian and Australian flora and fauna mix. The region 
is bounded by deep ocean trenches, causing high levels of endemism due to the long 
periods in which the region has remained isolated from surrounding islands such as 
Borneo (Collins et al., 1991).  For example, 98% of the mammals of Sulawesi are 
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endemic when bats are excluded (due to their ease of dispersal) (Sugardjito et al., 
1989). 
 
 
150 km 
  N 
 
Fig. 1.3.  Map of the islands of Buton and neighbouring Muna, showing the Lambusango (large yellow 
area) and Kakenauwe (small yellow area) protected areas (Operation Wallacea, 2003). 
 
The island of Buton lies southeast of mainland Sulawesi (5˚ 44’ – 4˚ 21’ S; 123˚ 12’ – 
122˚ 33’ E), and has an area of 5,180 km² (Harcourt, 1999) (Fig. 1.3).  Buton has a wet 
season (around November to April) and a dry season (around May to October), and an 
annual rainfall of 2021 mm (although less than 50 mm falls for 3 months of the year) 
(Groves, 1980).  The forests of Buton have been classified as lowland monsoon forest 
(Collins et al., 1991).   
 
The topography of Buton is very steep, and elevation ranges from 0 - 650 m above sea 
level (Fig. 1.4).  As a result, the forests have undergone less extensive clearance than 
many other Indonesian islands, and a relatively large proportion of the island remains 
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as forest habitat (Operation Wallacea, 2003).   Because Buton is very just 5 km from 
Sulawesi (Fig. 1.3), and is a relatively large island, it contains a large proportion of the 
species present on mainland Sulawesi.  Two species of primate are present on Buton: 
the Buton macaque and the spectral tarsier, Tarsius spectrum.  Many competitors and 
large predators that appear on neighbouring islands are absent from Buton.  The only 
macaque predators present are pythons (Python spp.) (Whitten et al., 1987). 
 
 
Fig. 1.4. Elevation map of central Buton (GIS datasets compiled by Carlisle, 2002).  The centres of the 
three study sites are shown: Anoa in blue, Lapago in red and Kakenauwe in pink (GIS datasets compiled 
by Carlisle, 2002). 
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Three study sites (named Anoa, Lapago and Kakenauwe) were established within the 
two protected areas of central Buton, Lambusango and Kakenauwe (which have a 
combined area of 251.63 km²) (Fig. 1.3), as well in as the surrounding unprotected 
areas (See data collection, Fig. 1.6).  Anoa (600m altitude) is situated on ophiolite, 
with significant amounts of magnesium limestone present.  Lapago (400m altitude) 
and Kakenauwe (300m altitude) are situated on quaternary limestone (Operation 
Wallacea, 2003).  Anoa appears to be pristine forest, Lapago is relatively pristine 
despite evidence of nearby abandoned farmsteads, while the Kakenauwe protected area 
is disturbed, and shows signs of selective logging pressure (Operation Wallacea, 
2003).  The unprotected areas assessed around the Kakenauwe protected area included 
forest and some farmland.  
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Fig. 1.5.  Forest use on Buton (right) and Muna (left) Islands.  The Lambusango reserve is shown in pale 
green in central Buton (GIS datasets compiled by Carlisle, 2002).   
 
As shown in Fig. 1.5, The Lambusango reserve is surrounded by continuous 
production forest.  The production forests within central Buton that are continuous 
with the Lambusango reserve constitute a further 363.65 km².  There is also a protected 
forest in north Buton shown in Fig. 1.5 which covers approximately 100,000 km². 
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1.3.2 Data Collection 
1.3.2.1 Population Density Estimates 
Line transect sampling was used to determine population density, as this is the most 
established technique for primates (Chiarello & de Melo, 2000, Fashing and Cords, 
2000, Peres, 1999, Rosenbaum, et al. 1998), and is used for surveys of many other 
large mammals (Karanth & Sunquist, 1992, White, 1994).  A series of transects 
totalling 42.9 km were cut at each of the three study sites (Fig. 1.6, Table 1.2).  All 
four transects at Anoa were in protected forest. At Lapago two of the four transects 
were entirely within the protected forest, while a substantial fraction of the other two 
fell outside. One transect at the Kakenauwe study site (K3) was almost entirely within 
the Kakenauwe protected area, whereas the remaining four transects surveyed 
unprotected areas. 
 
Transects were marked at 50m intervals to facilitate accurate mapping of detection 
events, and all census walks were separated in time from each other, and the initial 
cutting of the transect, by at least 48 hours (Peres, 1999, Wallace et al., 1998).  The 
censuses were only conducted on the outward leg of each transect walk in order to 
maintain uniformly undisturbed conditions.  Censuses took place between 06:30 and 
11:00, to coincide with a peak in primate activity, in order to maximise the chance of 
observing primates present (Peres, 1997a & 1999).  In the interests of maintaining 
detectability, censuses were not conducted during periods of prolonged rainfall, as 
primates are known to become less active, and observers are less likely to hear or see 
them in poor conditions (Peres, 1999).  Observers walked the transects at a steady 
speed of approximately 1.25 km/hr, taking five minutes to walk each 100m section. 
The line transect sampling effort (total length surveyed) and time scale over which data 
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were collected is similar to or greater than that of several published studies of primate 
population density (Fashing and Cords, 2000, Peres, 1999, Pinto et al., 1993).  
Observers briefly stopped every 100m to scan the forest visually and listen for acoustic 
cues of macaque presence such as calls or moving branches (Rosenbaum et al., 1998).   
 
 
N
Fig. 1.6.  Location of the three study sites. Yellow lines represent transects, dark green with red border 
represents protected area.  Transects at Anoa and Lapago were accessed using base camps, while the 
start of all Kakenauwe transects was accessible via road and a short hike (GIS datasets compiled by 
Carlisle, 2002, and A. Smith).   
 
When macaques were encountered, the following data were recorded: an estimation of 
perpendicular distance from first individual to transect, party size and spread, location 
along the transect, date and time (Buckland et al., 2001, Chiarello and de Melo, 2001, 
Wallace et al., 1998).  Parties of macaques were observed from the transect for up to 
ten minutes to allow the information to be accurately recorded (Peres, 1999).  Parties 
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of macaques encountered within 200 m of an initial sighting were considered to be the 
same group and excluded from analysis (Wallace et al., 1998). 
 
Table 1.2. Details of transects, sampling effort, and habitat types at Anoa, Lapago, and Kakenauwe. 
Trail Length (km) Number of 
walks 
Total Distance 
(km) 
Protected 
forest? 
Disturbance 
Anoa 13.6 21 66.15  Low 
A1 3.5 6 19 Yes  
A2 3.4 5 13.65 Yes  
A3 3.5 5 17.5 Yes  
A4 3.2 5 16 Yes  
      
Lapago 13 29 91.35  Low 
L1 4 8 31 Yes  
L2 4 7 26.5 Yes  
L3 2.5 7 16.35 No  
L4 2.5 7 17.5 No  
      
Kakenauwe 16.3 36 117.6  Moderate -  
K1 3.5 7 24.5 No High 
K2 3.5 7 24.5 No  
K3 3.5 7 24.5 Yes  
K4 2.3 8 16.1 No  
K5 3.5 7 28 No  
      
Grand Total 42.9 86 275.1     
 
To map the locations of the transects, global positioning system (GPS) readings were 
taken at 100m intervals by A. Smith, M. Loveday, J. Dyer and B. Carlisle.  The dense 
foliage of the forest canopy often prevented the GPS units from functioning at ground 
level, so the units were hoisted up into the canopy using fishing line as a guide wire 
that was catapulted over a high branch. 
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1.3.2.2 Home Range 
Radio tracking is the preferred method of determining primate home ranges (eg 
Brugiere & Fleury, 2000), but due to economic, logistical, and time constraints, this 
was not feasible.  Instead, a preliminary indication of home range was established by 
mapping the outer boundary of the areas known to be used by three separate groups of 
Buton macaques, thus representing a minimum home range.  The groups were semi-
habituated, and were selected because they were the subject of a behavioural study by 
S. Carroll, who provided data on the known home range and the maximum sizes of the 
respective groups based on two months of observations.  For comparison, these data 
were also used to generate a separate estimate of macaque density by dividing the 
group size by the home range. 
 
The home range of the first group, studied near the village of Kaweli (shown on Fig. 
1.6), was assessed by walking the boundary of the area in which members of the group 
were observed, while taking regular readings with a GPS unit.  This area has been 
described as a mosaic of secondary forest, farmland and plantation (Operation 
Wallacea, 2003).  The remaining two groups were studied at Lapago and Kakenauwe, 
where 1km² study grids had been established using a system of parallel trails 1km in 
length, each set apart by 100m.  A series of trails following the same pattern ran 
perpendicular to these, dividing the grid into 100m² squares.  It was possible to 
determine the observer’s location using the marked intersections of these trails.  The 
GPS units did not function at ground level at these sites due to the dense canopy, so the 
home range of the Lapago and Kakenauwe macaque groups was mapped using the grid 
intersections to ascertain position. 
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1.3.2.3 Habitat Evaluation 
Features of the habitat were measured using 437 frame quadrats measuring 10 m x 10 
m, which were placed along each transect at 100 m intervals.  Quadrats were set back 
approximately 5 m from the transect to avoid associated edge effects, and were 
positioned on alternate sides of the transect so that a representative sample of the 
surrounding habitat was taken.  The general methods used are reviewed in Bullock 
(1998).  Within each frame quadrat the circumference at breast height (CBH) of all 
trees with a CBH greater than 30 cm was measure using a tape measure, as there were 
too many small trees to measure in the time allowed (Rosenbaum et al., 1998).  This 
allowed calculation of the tree basal area.  This also gave a measure of the tree density 
within each quadrat.  The height of the tallest tree was estimated visually to gauge 
maximum canopy height.  
 
The Braun-Blanquet scale was used to estimate the percentage of ground cover 
comprising of leaf litter, bare earth and rock, and to give a representative estimate of 
the percentage vegetation cover over the entire quadrat within four height bands: 
ground level (<1m), low-level (1–5m), mid-level (5–20m), and canopy level (>20m) 
(Bibby et al., 1998, Warner, 2002). Quadrats were also scored for the presence or 
absence of the following moisture indicators: bole climbers, epiphytic ferns, mosses 
and epiphylls.  This allowed calculation of the moisture index, the sum of the number 
of indicator species that were present in each quadrat, giving a score of 0-4. 
 
1.3.3 Data Analysis 
Primate density was calculated using the DISTANCE computer program (Buckland et 
al., 2001, Thomas et al., 2002a, b), which determined an effective strip width (ESW) 
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and gave group density.  Individual density was then calculated by multiplying the 
group density by the average size of groups observed on line transect surveys.  This is 
a relatively new method of assessing population density that is becoming increasingly 
popular.  It has been used on primates previously (such as Chiarello and de Melo, 
2001, Wallace et al., 1998), and is now recommended for primate surveys (Peres, 
1999).   
 
The perpendicular sighting distance, group size and group spread data were tested for 
non-normal distribution using the Kolgomorov-Smirnoff test.   For non-normally 
distributed data, differences in these three variables between the three study sites was 
analysed using the Kruskal–Wallis test followed by the Mann-Whitney U test.  Data 
with a normal distribution were analysed using one-way ANOVA followed by Tukey 
tests. 
 
Habitat variables were tested for non-normal distribution using the Kolgomorov-
Smirnoff test.  For non-normally distributed data, between study sites were analysed 
using the Kruskal–Wallis test followed by the Mann-Whitney U test.  Normally 
distributed data were tested for differences between study sites using one-way 
ANOVA followed by Tukey tests (Rosenbaum et al., 1998).  χ² tests for association 
were used to determine whether the presence of each moisture indicator was associated 
with particular study sites. 
 
Each macaque sighting was assigned to the nearest habitat quadrat, and χ² tests for 
association were used to test for associations between the numbers of quadrats that 
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were associated with macaque sightings and the three study sites, and between 
protected and unprotected areas (Wallace et al., 1998).   
 
Habitat preferences were analysed using Rank Correlation with Spearman’s rho 
correlation coefficient to test for correlation between habitat variables and macaque 
encounter rate, expressed at the transect level.  Significance was set at the 5% level.   
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1.4 RESULTS 
 
1.4.1 Macaque Sightings 
The total number of sightings used for analysis was 63.  There were no significant 
associations between the number of quadrats associated with macaque sightings and 
the study site (χ² test for association: χ² = 0.136, P = 0.934).  Although a minimum of 
one macaque sighting was recorded on all transects, less than five sightings were 
recorded on some transects, so it was not possible to test for associations with 
individual transects.  There were also no significant associations between the number 
of macaque sightings and protected or unprotected areas (χ² test for association: χ² = 
0.103, P = 0.749).  A summary of sighting data is given in Table 1.3.   
 
Table 1.3.  Sighting data for the three study sites (± standard deviation).  Encounter rate means and 
standard deviations were calculated based on data at the transect level, all others were at the observation 
level.   
 
Site Number 
of 
sightings 
Macaque encounter rate 
(groups encountered per 
10 km censused) 
Perpendicular 
sighting 
distance (m) 
Group size 
(individuals) 
Group 
spread 
(m) 
Anoa 14 2.09 ± 0.94 13.50 ± 5.85 4.57 ± 3.59 25.56 ± 
14.16 
Lapago 21 2.36 ± 1.69 17.19 ± 13.93 3.52 ± 3.25 30.36 ± 
14.47 
Kakenauwe 28 2.35 ± 1.61 18.96 ± 15.21 2.61 ± 1.91 12.87 ± 
7.10 
Overall 
mean 
21 2.27 ± 1.35 17.04 ± 12.10 3.35 ± 2.88 22.31 ± 
14.18 
There was no significant difference in macaque encounter rate (one-way ANOVA: F = 
0.043, P = 0.958), perpendicular sighting distance (Kruskal-Wallis: χ² = 0.617, P = 
0.735) or group size (Kruskal-Wallis: χ² = 2.490, P = 0.288) between the three sites.  
There was a significant difference in group spread between the sites, with groups at 
Lapago displaying a significantly larger group spread than those at Kakenauwe 
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(Kruskal-Wallis: χ² = 6.613, P = 0.016), but there were no significant differences 
between other sites (Fig. 1.7). 
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Fig. 1.7.  Group spread at the three study sites.  Error bars represent standard errors. 
 
1.4.2 Macaque Population Density and Population Size 
Sample sizes were not large enough (N < 40) to accurately calculate separate ESWs for 
individual study sites, so all sighting data were pooled as recommended by Buckland 
et al. (2001) and Chiarello and de Melo (2001), since there was no significant 
difference between perpendicular sighting distances across the sites (P > 0.05).  It was 
therefore only possible to generate an overall population density estimate for the area 
as a whole.  No truncation was applied, again due to limited data, and problems of data 
heaping led to the grouping of perpendicular sighting distances for analysis in order to 
provide more accurate fits to the various estimator models used in DISTANCE 
analysis (Buckland et al., 2001).   The half-normal key function with hermite 
expansion provided the best fit to the data, although all models gave similar density 
estimates, indicating the data were consistent.  This generated an overall density of 
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4.45 macaque groups/km² (confidence limits 3.04-6.49) with an ESW of 25.15m.  The 
density was multiplied by the overall mean group size (as there was no significant 
difference in group size between different sites) of 3.35 individuals to give a 
population density of 14.91 macaque individuals/km² (confidence limits 10.18-21.74).  
The total length sampled (275.1 km) was multiplied by the width sampled (twice the 
ESW, equal to 0.050 km) to give a total area sampled of 13.8 km².   
 
There was no evidence for significantly different population densities or ESWs across 
the three study sites, so the overall population density (14.91 individuals/km²) can be 
multiplied by the total area surveyed (13.8 km²) to give a population size of 206 
macaques within the area sampled.  There was no evidence for significantly different 
population densities in the two reserves, so the overall population density (14.91 
individuals/km²) can be multiplied by the combined area of the Lambusango and 
Kakenauwe reserves (251.63 km²) to estimate a population size of 3,752 macaques 
(confidence limits 2,562-5,402) within the protected forests of central Buton.  
Furthermore, there were no significant associations between the numbers of macaque 
sightings and protected or unprotected areas. It therefore seems likely that a substantial 
population of macaques live outside the protected areas, although the size of this 
population cannot be estimated reliably in the absence of data on the range of the 
Buton macaque.   If the range extends far north then there is also a good chance that 
the sizeable forest reserve in northern Buton could also harbour a potentially large 
population of macaques.  The total size of the entire population on the island is 
therefore likely to be greater still, and could theoretically reach tens of thousands. 
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1.4.3 Home Range 
Home range, group size and macaque density generated from these data are given in 
Table 1.4.  A map of the home ranges of the groups is shown in Fig. 1.8. 
 
Table 1.4.  Home range, group size and macaque density.  Home range and group size are approximate 
values.   
Study group Home range (km²) Group size Macaque density (individuals/km²) 
Kaweli 0.29 20 68.97 
Lapago 0.85 40 47.06 
Kakenauwe 0.72 36 50.00 
Overall mean 0.62 32 55.34 
 
 
 
Fig. 1.8.  Home ranges of the three macaque groups studied.  GIS datasets compiled by Carlisle, 2002 
and A. smith. 
 
1.4.4 Habitat Characteristics 
In comparison with Anoa, Kakenauwe had a significantly smaller tree basal area 
(Mann-Whitney U test: P = 0.040), tree density (Mann-Whitney U test: P < 0.001), 
and tallest tree (Tukey: F = 21.198, P < 0.001). In comparison with Lapago, 
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Kakenauwe had a significantly smaller tree basal area (Mann-Whitney U test: P = 
0.013) tree density (Mann-Whitney U test: P < 0.001), and tallest tree (Tukey: P < 
0.001).  There was no significant difference in these variables between Anoa and 
Lapago. Habitat variables are given in Table 1.5. 
 
Table 1.5.  Habitat variables (± standard deviation) at the three study sites.  Vegetation cover, ground 
cover and sky visible >20 m use the Braun-Blanquet scale. Bole climbers, ferns, mosses and epiphyll 
moisture indicators are given as the proportion of quadrats in which they were present.   
  Anoa Lapago Kakenauwe  Overall 
Trees 
Tree basal area (cm²) 626 ± 1624 598 ± 1475 591 ± 1696 607 ± 1592 
Tree density  8.0 ± 3.9 9.3 ± 11.6 5.2 ± 2.9 7.4 ± 7.2 
(trees per 100 m²)     
Height of tallest tree (m) 20.1 ± 5.5 20.8 ± 6.4 16.1 ± 7.8 18.7 ± 7.0 
     
Vegetation density      
Ground level 2.6 ± 1.0 3.3 ± 0.9 3.6 ± 1.1 3.2 ± 1.08 
Low-level 2.7 ± 0.8 2.6 ± 1.0 2.8 ± 1.0 2.7 ± 0.98 
Mid-level 2.9 ± 0.8 2.5 ± 0.8 2.2 ± 0.9 2.5 ± 0.90 
Canopy level 1.5 ± 0.9 1.4 ± 0.7 1.1 ± 0.4 1.4 ± 0.70 
 
Ground cover  
Earth 2.2 ± 0.9 2.3 ± 1.0 2.9 ± 1.0 2.5 ± 1.0 
Rock 1.6 ± 0.8 1.2 ± 0.6 1.3 ± 0.7 1.3 ± 1.3 
Litter 3.1 ± 0.9 3.5 ± 1.0 3.1 ± 1.0 3.3 ± 1.0 
 
Sky visible > s20 m 3.6 ± 1.4 4.4 ± 0.89 4.8 ± 0.5 4.3 ± 1.1 
     
Moisture indicators  
(% positive quadrats)    
Bole climbers 0.7 ± 0.4 0.6 ± 0.5 0.5 ± 0.4 0.6 ± 0.4 
Ferns 0.5 ± 0.5 0.2 ± 0.5 0.4 ± 0.4 0.3 ± 0.4 
Mosses 0.9 ± 0.2 0.4 ± 0.4 0.6 ± 0.2 0.6 ± 0.4 
Epiphylls 0.8 ± 0.3 0.6 ± 0.4 0.7 ± 0.4 0.7 ± 0.4 
     
Moisture index 3.0 ± 0.7 2.0 ± 1.2 2.4 ± 1.0 2.4 ± 1.1 
 
Vegetation density at ground level was significantly greater at Kakenauwe than at 
Anoa (Mann-Whitney U test: P < 0.001), significantly greater than at Lapago (Mann-
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Whitney U test: P < 0.012), and was significantly greater at Lapago than Anoa (Mann-
Whitney U test: P < 0.001).  There were no significant differences in low-level 
vegetation density between the three sites, although at mid-level vegetation was 
significantly more dense at Anoa than at Lapago (Mann-Whitney U test: P < 0.001) 
and at Kakenauwe (Mann-Whitney U test: P < 0.001), and significantly more dense at 
Lapago than at Kakenauwe (Mann-Whitney U test: P < 0.029).  At canopy level, 
vegetation density was significantly less dense at Kakenauwe than at Anoa (Mann-
Whitney U test: P < 0.001) and than at Lapago (Mann-Whitney U test: P < 0.001), but 
there was no significant difference between Anoa and Lapago. 
 
A significantly greater proportion of the ground at Kakenauwe was covered in earth 
than at Anoa (Mann-Whitney U test: P < 0.001) and at Lapago (Mann-Whitney U test: 
P < 0.001), but there was no significant difference between Anoa and Lapago.  A 
significantly greater proportion of the ground was covered in rock at Anoa than at 
Lapago (Mann-Whitney U test: P < 0.001) and at Kakenauwe (Mann-Whitney U test: 
P = 0.001).  The proportion of rock covering the ground was significantly greater at 
Kakenauwe than at Lapago (Mann-Whitney U test: P = 0.031).  The proportion of leaf 
litter covering the ground was significantly greater at Lapago than at Anoa (Mann-
Whitney U test: P < 0.001) and at Kakenauwe (Mann-Whitney U test: P = 0.001) but 
there was no significant difference between Anoa and Lapago.   
 
There was a significantly greater proportion of sky visible above 20m at Kakenauwe 
than at Anoa (Mann-Whitney U test: P < 0.001) and at Lapago  (Mann-Whitney U test: 
P < 0.001), and significantly greater proportion of sky visible above 20m at Lapago 
than at Anoa (Mann-Whitney U test: P < 0.001). 
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 There was a significant association between the site and the number of quadrats 
containing moisture indicators (χ² test for association: χ² = 78.162, P < 0.001).  The 
proportion of quadrats that contained bole climbers was greatest at Anoa, intermediate 
at Lapago, and lowest at Kakenauwe. The proportion of quadrats containing epiphytic 
ferns, moss, and epiphylls, was greatest at Lapago, intermediate at Anoa, and lowest at 
Kakenauwe. 
  
1.4.5 Habitat Preferences 
There is a significant negative correlation (Rank correlation: correlation coefficient: = 
-0.553; P = 0.050) between the macaque encounter rate and the percentage of leaf litter 
ground cover (Fig. 1.9). 
 
 
Fig. 1.9.  Graph of leaf litter ground cover against macaque encounter rate.  Points represent individual 
transects.  Percentage ground cover is given using the Braun-Blanquet scale. 
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1.5 DISCUSSION 
 
1.5.1 Population Density, Group Size, and Home Range 
The population density of the Buton macaque (14.9 individuals/km²) seems to be lower 
than reported for other Sulawesi macaques. Densities as low as 22.0-46.4 
individuals/km² have been reported for the black crested macaque where hunting is 
thought to be a problem, although other recent estimates have been as high as 170.3 
individuals/km² in primary forest and 133.4 individuals/km² in logged forest 
(Rosenbaum et al., 1998, Sugardjito et al., 1989). When using data from transects, the 
group size of the Buton macaque (3.3) is also much smaller than those observed in the 
black crested macaque (13.5-24.9) in these studies, which used similar, transect-based 
methods.  Encounter rates in this study (2.3 encounters/km) were similar to those 
observed by Rosenbaum et al. (1998) and Sugardjito et al. (1989) on the black crested 
macaque in areas of low macaque abundance (1.3-3.9 encounters/km).  Buton 
macaques again displayed a substantially lower population density and group size 
when compared to the moor macaques of south Sulawesi, for whom a density of 70 
individuals/km² and group sizes of 15-40 individuals have been recorded (Matsumura, 
1998, Watanabe and Matsumura, 1996). 
 
Outside the macaques, the demography of the Buton macaque shows similarities with 
another medium sized, opportunistic, frugivorous monkey, the brown capuchin, Cebus 
apella.  Population densities of approximately 14 individuals/km² with group sizes in 
the range of 6-9 have been reported by several studies in Brazil and Bolivia, in forests 
of similar area to the Lambusango and Kakenauwe protected forests (Chiarello and de 
Melo, 2001, Pinto et al., 1993, Wallace et al., 1998).   
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 The home ranges given in Table 1.4 are certainly underestimates of the true values, as 
the home ranges of the study groups at Kakenauwe and Lapago essentially covered the 
entire 1 km² study grids and extended beyond, where their position could not be 
mapped.  At Kaweli the study group ventured into an area of forest that was 
exceptionally dense at ground level, and where it could not be followed for what was 
likely to be a substantial proportion of their home range.  The density estimates given 
by this method are therefore huge overestimates.  In reality home ranges are likely to 
be in the region of 2 km², similar to those reported for black crested macaque (O’Brien 
and Kinnaird, 1997). 
 
The mean group sizes derived from counts on transects (3.35) is approximately ten 
times lower than the maximum group sizes given by behavioural observations on focal 
groups (20-40).  This may be because the larger groups of Buton macaques tend to 
aggregate from, or break up into, smaller groups, in a fission-fusion society.  This is 
supported by field observations (A. Smith, personal communication). The maximum 
size of the behavioural study groups is therefore much larger than the mean group size, 
as observed on transect surveys.  Observations of small groups of 7-15 monkeys and 
occasional large groups of up to 58 prompted Sugardjito et al. (1989) to suggest that 
the Sulawesi macaques black crested, Dumoga-Bone, and Heck’s macaques use such a 
system.  Fission-fusion social organisation is also found in other primates and other 
vertebrates (for example orangutans, Pongo spp.: van Schaik, 1999; bottlenose 
dolphins, Tursiops truncatus: Smolker et al., 1992).  If true this may also have 
implications for the theory behind fission-fusion social systems, as the system in Buton 
macaques would be group-based (as opposed to individuals, as with orangutans).   The 
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major benefit of other group-based fission-fusion systems is thought to be the 
reduction in the risk of predation.  However, the Buton macaque suffers from 
exceptionally little predation because its only natural predators (pythons) are rare, and 
human hunting pressure is low due to the Islamic beliefs of the majority of the islands 
inhabitants.  
 
A second explanation for the smaller group sizes observed on transects is that only part 
of the group is seen. It seems likely that this occurred to some extent, as foliage was 
dense so macaques were difficult to detect, and often moved away shortly after being 
detected, possibly before the entire group was visible.  The inconsistency between the 
group sizes observed is probably partially due to both explanations.  Not detecting the 
entire group may cause some methodological problems, as obviously the density will 
be an underestimate if not all individuals are detected.  Also, one of the fundamental 
assumptions of line transect theory is that all individuals are detected at their initial 
location, and macaques were occasionally heard moving away before they were seen.  
Therefore the density estimate calculated, if anything, may be an underestimate.  
Despite their problems, line transects remain the most effective means of sampling 
primate populations over large areas in relatively short time periods (Wallace et al., 
1998), and analysis using the program DISTANCE is becoming increasingly popular 
and is recommended for primates (Peres, 1999). 
 
1.5.2 Population Size and Viability 
There has been considerable debate as to the minimum population size required to 
guarantee long term survival of a species (the minimum viable population, MVP), as 
there is no consensus on the time period appropriate, estimates vary considerably 
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between taxa, and there are very few data to test the theoretical estimates (Franklin and 
Frankham, 1998, Harcourt, 2002, Lynch and Lande, 1998).  However, populations in 
the range 500-5000 individuals are suggested as the MVP required to maintain genetic 
variance and safeguard populations of any vertebrate species from the dangers of 
environmental and demographic stochasticity (Franklin and Frankham, 1998, Lynch 
and Lande, 1998).  The effective population size of a population, Ne, is generally 3-10 
times smaller than the total population size, N (Frankham, 1995), so the effective size 
of the population of Buton macaques within the Lambusango and Kakenauwe 
protected forests is 375-1,251. This falls within the necessary range, indicating that the 
population is likely to be viable, even without taking into account the probably 
sizeable population inhabiting the rest of the island.   
 
Harcourt (2002) uses empirical data from several southeast Asian primate species to 
argue that the use of a single threshold of population size is unrealistic due to the 
variation in MVP estimates between species, and suggests that MVPs should vary in 
relation with body mass, home range size or degree of specialisation.  He determined a 
mean multi-millennial threshold population size of 600 for the long tailed macaque 
(Macaca fascicularis), which is of similar body size (approximately 5 kg) to the Buton 
macaque.  The data were based on total (N) and not effective (Ne) population size, so N 
for the Buton macaques within the Lambusango and Kakenauwe protected forests falls 
well above Harcourt’s (2002) MVP threshold. In fact, the genus Macaca had the 
lowest threshold population size of the eight to ten (depending on the taxonomy) 
southeast Asian primate genera investigated, even in relation to body mass (Harcourt, 
2002).  This reflects the fact that macaques are able to survive in a variety of 
environments, including disturbed environments (Richards et al., 1989).   
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 1.5.3 Habitat Preferences 
The differences in habitat variables observed between the three study sites appear in 
general to be consistent with the classification of the of the sites given in the methods, 
with Anoa as pristine primary forest, Lapago as relatively pristine, and Kakenauwe as 
a mosaic of disturbed secondary forest and farmland. The tree basal area, density and 
height were significantly greater at Anoa and Lapago than Kakenauwe (Table 1.5).  
Vegetation density at mid- and canopy level showed the same pattern.  At ground 
level, however, this trend was reversed, most likely due to the more open canopy at 
Kakenauwe.  Generally, habitats at Anoa and Lapago appeared more similar to each 
other than to Kakenauwe.   
 
Ground cover was characterised by a large percentage of rock at Anoa, leaf litter at 
Lapago and bare earth at Kakenauwe.  Anoa and Lapago had significantly more 
moisture indicators than Kakenauwe. 
 
Although there are significant differences in the lithology, altitude and moisture levels 
(as indicated by the moisture indicator data collected) between sites, it is thought that 
the main cause of these disparities in vegetation is different levels of anthropogenic 
disturbance due to differences in accessibility.  As shown in Fig. 1.6, transects at 
Lapago are considerably further from roads and villages than those at Kakenauwe, and 
Anoa is further still.  This pattern was confirmed by personal observations of 
disturbance, as chainsaws were frequently heard at Kakenauwe, but never at the other 
sites.  Evidence of recently felled trees such as trunks and discarded planks was also 
relatively common at Kakenauwe, and some similar evidence was found at Lapago, 
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although less frequently. Even near Anoa, although no timber extraction was observed, 
the collection of rattan (a palm) and honey was noted, especially towards the fringe of 
the reserve.  
 
Despite differences in habitat, macaque sightings were not significantly associated 
with study site or protected as opposed to unprotected areas.  This may be because 
macaques generally tend to be adaptable, generalistic foragers (Chivers, 1986, Richard 
et al., 1989), and would therefore be expected to survive in disturbed habitats better 
than more specialised species (Johns and Skorupa, 1987).  The only significant 
difference in macaque sighting data between the three sites was a significantly greater 
group spread at Lapago than Kakenauwe (Fig. 1.7).  It is possible that this may 
represent a different foraging strategy.  Only the macaques at Kakenauwe are able to 
crop raid (as only their home range is in close proximity to farms), so they rely on 
more concentrated food resources.  As a result they do not need to spread out to the 
same extent when foraging as is necessary for macaques at Lapago, where there are no 
farms to raid.  If that were the case then why don’t the macaques at Anoa also have a 
significantly greater group spread to those at Kakenauwe, as they too cannot raid 
crops?  Because the forest at Anoa is thought to be more pristine than Lapago, the food 
resources present may be of higher quality, therefore foraging parties may not need to 
be so widely dispersed.  However, this is questionable, since there were few significant 
differences between Anoa and at Lapago in the habitat variables measured (Table 1.5).  
 
When investigating macaque abundance in relation to individual habitat variables, the 
only significant correlation is a negative relationship between the percentage of leaf 
litter and macaque encounter rate (Fig. 1.9).  The reason for this is unclear.  Because 
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few habitat preferences could be identified, this supports the theory that macaques are 
adaptable, generalist primates (Chivers, 1986, Richard et al., 1989).   
 
1.5.4 Conclusions 
The overall population density of Buton macaques in the protected forests of central 
Buton was calculated as 14.9 individuals/km². This gives a total population size of 
3,752 Buton macaques in this area.  This population seems viable, so it would not be 
necessary to alter the size of the reserves in order to support the species in the long 
term. As no habitat preferences could be identified, it is not possible to recommend 
measures to preserve any specific aspect of the habitat.  However, because Buton 
contains probably the last viable population of the species, careful long-term 
monitoring of its status is of high importance so that population trends can be 
identified and appropriate measures could be taken in the event of a serious decline.  
Data collected in this survey will be used to provide a baseline for the initiation of the 
long-term monitoring programme to help manage the subspecies. 
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Chapter Two 
 
Species Identification and Activity Patterns of the 
Howler Monkeys (Alouatta spp.) of Honduras 
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 2.1 INTRODUCTION
 
2.1.1 Physical Characteristics of Howler Monkeys 
Howler monkeys are among the largest (mean weight 6.4 kg) and most sexually 
dimorphic (up to 76% body weight dimorphism) primates in the Neotropics (Ford and 
Davis, 1992, Kinzey, 1997).  A major distinctive feature of the genus is the enlarged 
hyoid bone, which acts as a resonator to amplify the characteristic loud calls produced 
by all howler species (Crockett and Eisenberg, 1987).  Howlers also have a prehensile 
tail that is used for support and to cross gaps in vegetation.  It can also be used in 
bridging behaviour, whereby one individual uses their body to bridge a gap and allows 
another individual to cross using their body as a bridge (Carpenter, 1934).   
 
2.1.2 Behaviour and Activity Patterns 
Like most primates, howler monkeys are diurnal, although studies in Belize have 
shown that some populations are cathemeral (Dahl and Hemmingway, 1988, Neville, 
1972). Howler monkeys live in social groups, and group size varies within and 
between species (Crockett and Eisenberg, 1987).  Howlers are polygynous, and live in 
either uni- or multi-male, multi-female groups, although individuals of either sex may 
also live solitarily for several years (Crockett and Eisenberg, 1987, Estrada, 1982, 
Glander, 1992).  There is considerable debate as to whether howlers are territorial or 
not.  The degree to which home ranges overlap varies from 5% to 100%, and it has 
been argued that this sometimes extensive overlap is evidence for non-territoriality 
(Carpenter, 1934, Chivers, 1969, Milton, 1980).  Others, however, maintain that 
despite this overlap howlers demonstrate territoriality, and aggressive physical and 
vocal exchanges can occur between groups (Crockett and Eisenberg, 1987, Horwich, 
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1983).  Howler monkey calls may serve to advertise group position and composition, 
and maintain spacing between groups (Kinzey, 1997).  The effects of calls on group 
movement, however, are not properly understood (Chivers, 1969).  Calls are often 
produced by adult males only, but are sometimes also produced by adult females and 
juveniles (Chivers, 1969).  The calls usually have a frequency of below 1kHz, and 
often exceed 90dB (Whitehead, 1987).  
 
Studies on most wild primate species have shown that the subjects initially adapt their 
behaviour in the in the presence of humans, therefore rendering the early phase of 
behavioural observations unsuitable for analysis (Williamson and Feistner, 2003).  
Over time, however, primates habituate to human presence and display natural 
behaviours (Tutin and Fernandez, 1991, van Krunkelsven et al., 1999).  According to 
Williamson and Feistner (2003), as primates become habituated to the presence of 
observers, observation duration should increase and avoidance behaviour should 
decrease.  In order to draw valid conclusions from behavioural data, it is therefore 
necessary to determine if the subjects are suitably habituated.  The time taken for 
habituation varies greatly between species, and as yet no data on the habituation period 
of howler monkeys has been published. 
 
2.1.3 Diet 
The availability of food types (particularly young leaves and mature fruit) is related to 
monthly howler activity patterns (Estrada et al., 1999).  Howlers are almost 
exclusively vegetarian, and are extremely selective foragers (Stoner, 1996).  They 
principally consume leaves and fruits, but also eat flowers and seeds, and occasionally 
(but probably incidentally) insects (Estrada, 1984, Estrada et al., 1999, Milton, 1980).  
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Howlers are important seed dispersers for several plant species (Estrada and Coates-
Estrada, 1984).  Despite their high degree of folivory, the gastrointestinal tract of 
howler monkeys is not specialised like that of Old World folivores, although the large 
intestine of the howler monkey is somewhat enlarged (Chivers, 1969).  The 
interspecific differences in diet are smaller than intraspecific dietary variation with 
season and habitat, and it has been suggested that intraspecific troop-specific habitat 
specialization should be considered in their conservation (Stoner, 1996). Howler 
monkeys allocate similar amounts of time to feeding on fruit and leaves in wetter 
habitats, but in very seasonal semideciduous forests they spend more time feeding on 
leaves and flowers and less time feeding on fruit (Crockett, and Eisenberg, 1987).   
 
2.1.4 Habitat and Ecology 
Howler monkeys occupy the largest range of habitats of any primate in the Neotropics 
(Wolfheim, 1983), including flooded, gallery, wet evergreen, semideciduous, and dry 
deciduous forests (Kinzey, 1997).  They occur from sea level up to 3,200m 
(Hernández-Comaco and Cooper, 1976).  Howlers are almost exclusively arboreal, and 
spend most of their time in the middle to upper strata, although they may come to the 
ground to drink water or to cross clearings (Carpenter, 1934, Gilbert and Stouffer, 
1989, Schön Ybarra, 1984). 
 
Howler monkeys are sympatric with other primates in most areas, and have been 
reported living in communities with up to eleven other primate species (Terborgh, 
1983).  However, howlers are also the only non-human primate species present in 
some areas, and are even reflecting their ability to adapt to different conditions (Fish et 
al., 2000, Eisenberg, 1979, Estrada et al., 1999, Meltz, 2002).  Their density and 
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biomass, however, is strongly influenced by the degree of hunting pressure and the 
structural heterogeneity of the canopy (Peres, 1997b). 
 
2.1.5 Taxonomy and Distribution 
Howler monkeys are Neotropical primates of the family Cebidae, sub-family 
Alouattinae, and the genus Alouatta (Napier and Napier, 1967).  Alouatta is the most 
widespread primate genus in the Neotropics, ranging from Mexico to Argentina 
(Emmons, 1997).  It is generally thought to contain six species (Table 2.1) (Crockett 
and Eisenberg, 1987, Emmons, 1997, Wolfheim, 1983).  However this is disputed, and 
recent molecular studies support eight monophyletic species (Cortés-Ortiz et al., 
2003). 
 
Table 2.1.  Species, common names and distribution of the genus Alouatta. Adapted from Crockett and 
Eisenberg, 1987 and Emmons, 1997. 
Species Common name Distribution 
palliata Mantled howler Southern Mexico, Southern Guatemala, and south 
through to western Colombia, Ecuador and Peru 
pigra Black howler Southeast Mexico, Belize, and northern Guatemala 
seniculus 
 
Red howler Northern South America down to Bolivia and to the 
Amazon river 
belzebul Red-handed howler Northeast Brazil 
fusca Brown howler Southeast Brazil to northeast Argentina 
caraya Black howler Southern Brazil, eastern Bolivia, Paraguay, and 
northern Argentina 
 
 
The species are largely allopatric, although some small areas of sympatry have been 
identified (Emmons, 1997, Kinzey, 1997, Smith, 1970).  The limit of the distribution 
of several species of howler (such as A. seniculus and A. belzebul) is poorly known 
(Bonvicino et al., 1989, Emmons, 1997, Langguth et al., 1987).  Authors give 
conflicting reports on the distribution of the howler monkey species between Honduras 
and Guatemala.  According to Emmons (1997), the species occurring in northwestern 
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Honduras and central Guatemala is A. palliata, but according to Kinzey (1997) it is A. 
Pigra. The distribution of howler monkeys in this region is probably estimated, as in 
fact no published studies of the howler monkeys of Honduras could be found.  
Accurate information on the geographic range of animals is clearly important for 
effective management and conservation of endangered species, particularly in relation 
to international borders. Both A. palliata and A. pigra are considered seriously 
threatened due to forest destruction within their small geographic distribution, and it is 
estimated that their habitat will be lost by 2025 (Cuaron, 1992, Crockett and 
Eisenberg, 1987).   
 
2.1.6 Species Identification  
Traditionally, species are identified by morphological characteristics only.  The major 
morphological difference between A. palliata and A. pigra is the pelage colouration.  
A. palliata is black with a fringe (or mantle) of pale hairs along the flanks that are 
yellow, gold, pale brown or buff, and that may extend as a saddle across the entire 
lower back (Fig. 2.1a).  In contrast, A. pigra is entirely black (Fig. 2.1b) (Emmons, 
1997, Rowe, 1996). 
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Fig. 2.1.  a) A. palliata showing pale fringe along flanks (Black Rhino Photography, 2004); b) A. pigra 
showing entirely black pelage (Natural Stock Images, 2004). 
 
However, reliably identifying morphologically similar species on the basis of a single 
morphological characteristic can be extremely difficult without clearly viewing the 
animals.  This is particularly problematic with arboreal animals (such as most 
Neotropical primates) when the canopy is dense.  Trapping would ensure a good 
sighting, but this can be costly, labour intensive, dangerous, and stressful to the 
animals (Jolley et al., 2003, pers. obs.).   
 
Recently an alternative, molecular, approach using microsatellite analysis has been 
taken by some researchers to identify and differentiate between morphologically 
similar species, including species of plant, invertebrate, fish and cetacean.  As yet, 
however, such methods have do not appear to have been used to identify primate 
species, although several studies have used molecular techniques to investigate primate 
phylogeny (Castresana, 2001, Cortés-Ortiz et al., 2002).  Microsatellites are regions of 
the genome that consist of variable numbers of tandem repeats of a 1-6 base pair 
nucleotide motif.  They typically occur in noncoding regions, and are selectively 
neutral (Di Fiore, 2003).  Microsatellite alleles differ in the number of repeats of the 
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basic motif.  If the distribution of alleles differs between species, as it does between A. 
palliata and A. pigra (L. Winkler, pers. comm.), the species can be differentiated and 
identified.  Sufficient amounts of DNA for primate microsatellite analysis can be 
extracted from non-invasively collected material, such as intestinal shed hairs or 
epithelial cells that are sheared off into faeces, urine or saliva (Di Fiore, 2003, Morin et 
al., 1993).  As these are shed naturally, genetic samples can be collected without 
coming into contact with the animals, causing minimal disturbance.  However, 
molecular methods of species identification have thus far only been tested on 
invasively collected genetic material (blood or tissue), which again requires animal 
trapping (Figueroa et al., 1999, Garcia-Meunier et al., 2002, Ostberg and Rodriguez, 
2002, Benharrat et al., 2002).  
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2.2 AIMS 
 
This study aims to: 
1. Identify the species of howler monkey present in northwest Honduras.  This 
will be achieved using: 
a. Traditional morphological methods; 
and  
b. Molecular techniques using non-invasively collected DNA samples.  
This will be the first time non-invasively collected DNA samples have 
been used for species identification. 
2. Determine the group size, composition and distribution of Honduran howler 
monkeys for the first time.   
3. Study the behaviour of the howler monkeys of Honduras for the first time.   
a. The activity patterns will be characterised, and activity budgets will be 
compared between group-living and solitary individuals, between males 
and females, and with studies of an A. palliata and A. pigra from other 
countries.  
b. A preliminary investigation into the species of food consumed by the 
howler monkeys will be conducted.   
c. The way in which the howler monkeys habituate to human presence 
over the course of the study will be assessed. 
4. Determine the optimal search strategy for the howler monkeys. 
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2.3 METHODS 
 
2.3.1 Study Site 
Honduras (15 00º N, 86 30º W) is located in Central America, bordering Guatemala, El 
Salvador and Nicaragua (Fig. 2.2). As part of the 2 billion ha of tropical forests 
worldwide, the forests of Honduras are of great importance in global conservation of 
diversity, as they collectively contain 70% of the animal and plant species of the world 
(Roper et al., 1999).  Central America is considered a biodiversity hotspot, and its 
231,000 km² of primary vegetation contains almost 3,000 species of vertebrate (40% of 
which are endemic) (Myers et al., 2000).  Honduras has a land area of 111,890 km², 
some 10,000 km² of which are protected areas (Fig. 2.3).  This includes the Cusuco 
National Park (Fig. 2.4). 
 
 
Fig. 2.2.  Map of Central America (Pearson Education, 2004). 
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Fig. 2.3. Map of the protected areas of Honduras, highlighting the Cusuco National Park.  Adapted from 
Lennkh, unpublished. 
 
 
 
Fig. 2.4.  Satellite image showing Cusuco National Park in relation to the nearest city (San Pedro Sula) 
and a nearby town (Cofradia).  The outer polygon represents the buffer zone of the park, and the inner 
polygon represents the core zone.  Adapted from Lennkh, unpublished. 
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The Cusuco National Park is located less than 20km from the Guatemalan border, in 
northwestern Honduras, a region that is characterised by mountainous topography 
(averaging over 30º) and dominantly pine-oak (Pinus – Quercus) forests (Fig. 2.4) 
(Southworth et al., 2004).  The 23,440 ha of forest the park contains are classified as 
Central American montane forest, which forms a mosaic habitat (Holdridge, 1962). At 
high altitude the pine-oak forest gives way to transitional mixed broadleaf/pine 
montane forest dominated by Pinus pseudostrobus and Liquidambar styraciflua 
(Pineda Portillo, 1984).  These isolated mountain tops can sustain high levels of 
endemism and biodiversity (Powell and Palminteri, 2001).  The forests of Honduras 
are home to many endemic or flagship species including the endangered Baird’s tapir 
(Tapirus bairdii), Jaguar (Panthera onca), and several species of primate such as the 
black-handed spider monkey (Ateles geoffroyi), white throated capuchin (Cebus 
capunicus) and howler monkey (Alouatta spp.) (Emmons, 1997, IUCN, 2003). Due to 
the high elevation the climate is relatively cool with high precipitation.  In the nearby 
Celaque National Park mean annual temperatures of 21ºC and rainfall of 1300mm 
were recorded (Southworth et al., 2004).   
 
2.3.2 Data Collection 
2.3.2.1 Pilot Study 
Captive howler monkeys (A. caraya and A. sara) were studied from May to June 2004 
at Twycross Zoo, England, prior to field data collection.  A. caraya and A. sara were 
studied rather than A. palliata or A. pigra because they were the only species of howler 
monkey in captivity in Britain (ISIS, 2004).  During the pilot study the behaviour of 
the howlers was observed, facilitating rapid identification of behavioural categories 
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and age/sex classes in the field.  Faecal samples were also collected opportunistically 
(N = 7), to allow preparation for lab work with faecal samples collected in the wild. 
 
2.3.2.2 Species Identification 
Howler monkey faecal samples were collected opportunistically whilst observing 
animals in the wild (N = 7).  They were stored in sterile universal tubes filled with 
RNAlater® (Ambion, Inc.) as recommended by Goosens et al. (2003).  All collection 
equipment was sterilised by UV crosslinking, and disposable latex gloves were worn 
to prevent contamination with human DNA.  Samples were stored at approximately 
4ºC to reduce the rate of DNA degradation, although due to the basic conditions at the 
field site there was an initial delay of up to 24 hours in refrigerating some of the 
samples.  When this was the case, samples were kept as cool as possible by immersing 
their tubes them in flowing water.  All samples were also subsequently stored at room 
temperature for approximately 48 hours during transit back to the UK for analysis.  
DNA was then extracted approximately 1 month after sample collection, using the 
QIAmp DNA Stool Mini Kit (Quaigen).  Three different extraction protocols were 
followed (Table 2.2).   
 
Table 2.2.  Protocols used for the extraction of DNA from faecal samples. 
Protocol Details Reference 
1 
 
2 
 
 
3 
As described by manufacturers handbook 
 
As protocol 1, but using potato flour as absorption 
matrix in place of inhibidEX tablet supplied with 
kit. 
As protocol 1, but using potato flour in addition to 
inhibidEX tablet supplied with kit. 
Goosens et al., 2000, 
Goosens et al., 2003 
Deuter et al., 1995*  
 
 
Deuter et al., 1995* 
 
* Note: it was not clear from the literature at the time the study was conducted if this protocol used 
potato flour as an alternative or an additional absorption matrix to the inhibidEX tablet included with the 
kit.  As none of the authors could be contacted, two alternate protocols were used. 
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The howler monkey DNA was then amplified using the polymerase chain reaction 
(PCR) with primers for five microsatellite primers developed and tested on A. palliata 
and A. pigra (Table 2.3) (Ellsworth and Hoelzer, 1998, Winkler et al., 2004).  Primers 
were used in 50µl PCR reactions containing the following: 1µl DNA sample, 1.2µl of 
each primer (10µM), 1.5µl Taq red (1u/µl) (Continental Lab Products), 5µl  dNTPs 
(12.5 mM each), 2.5µl Mg (50mM), 5µl 10 x PCR buffer (160mM) and 32.6µl ddH20.  
PCR reactions were heated to 95ºC for 5 minutes, and then subjected to 30 cycles of 1 
minute at 95ºC, 1 minute at optimal annealing temperature (Table 2.3), and 1 minute at 
72ºC.  PCR products were then run on 1% polyacrylamide gel (1 x TBE buffer, 1% 
polyacrylamide) at 70mV and photographed under UV light. 
 
Table 2.3.  Primer sequences, repeat descriptions, expected PCR fragment lengths and optimal 
annealing temperature for the five loci used. Adapted from Ellsworth and Hoelzer, 1998. 
 
Locus Primer sequences Repeat motif Expected 
length 
(bp) 
Optimal 
annealing 
temperature 
(ºC) 
Ap6 5’-AGTGTTTTATGGTTTGAGAT-3’ 
5’-GTTTAGCAATAATGTTGATG-3’ 
(TG)11 190 47 
Ap20 5’-GTGGGTCCCTGCCTTACTGTA-3’ 
5’-TCTATGCATGCCTGTTCTTTA-3’ 
(TG)6C(TG)5 242 54 
Ap40 5’-CCACGGTGGCAGAGGAGATTT-3’ 
5’-AGAGGCACGAAGACAAGGACA-3’ 
(TG)4CA(TG)6 168 57 
Ap68 5’-TGTTGGTATAATCTTTCCAT-3’ 
5’-ACATACACCTTTGAGTTTCT-3’ 
(TG)17 190 60 
Ap74 5’-TGCACCTCATCTCTTTCTCTG-3’ 
5’-CATCTTTGTTTTCCTCATAGC-3’ 
(TG)19 154 52 
In addition to molecular techniques of species identification, visual observations were 
carried out on the howler monkeys using 8x24 binoculars, paying particular attention 
to coat colour.   
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2.3.2.3 Group Size, Composition, Density, Activity and Feeding 
For six weeks over July and August 2004, a system of trails (N 15.48908º, W 
88.2344º, Fig. 2.5) were searched daily for visual or auditory signs of howler presence 
with the help of local field guides. Indirect indicators such as faeces and discarded 
food items were also used.  When encountered, howler monkeys were followed for as 
long as possible and for each sighting (N = 14), group size and group composition 
(number of adult males, adult females, juveniles and infants) were recorded. Only one 
solitary individual (an adult male) was encountered.  Adult males can be distinguished 
from adult females by their larger body, hyoid, and beard size, and the presence of 
white testes (Rowe, 1996).  Juveniles are smaller than adults, and infants are usually in 
contact with their mother. Group location was also recorded wherever possible using a 
GPS unit.   
 
 
Fig. 2.5.  Trails at the study site.  The trails are as follows: red: T1 (1.5 km); yellow: T2 (0.4 km); green: 
T3 (0.3 km). 
 
A total of over 38 hours of behavioural observations were recorded, allowing 532 scan 
samples to be collected at 5 minute intervals.  The behaviours of as many individuals 
as were visible were recorded using the hierarchical list of behavioural categories 
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given in Table 2.4 (Altmann, 1974, Stoner, 1996).  The time of the scan sample, the 
age/sex class of the individuals sampled, and whether they lived in a group or solitarily 
were also recorded.  This allowed analysis of differences in behaviour between these 
groups and over the course of the day.  
 
Table 2.4.  Hierarchical list of behavioural categories. 
Behavioural 
category 
Description 
Feeding Searching for, manipulating, or consuming food items. 
Locomotion Movement of the monkey between or within trees and branches. 
Vocalising Producing any form of vocalisation including loud. 
Other social 
behaviour 
Any other behaviour directed towards another individual.  Includes 
allogrooming, play, and agonistic and sexual behaviour. 
Maintenance Includes autogrooming, scratching and flicking of limbs to deter 
insects. 
Resting Individual is not moving or engaged in any visual behaviour.  May or 
may not be alert.  Includes standing, sitting, laying or sleeping. 
Other Any behaviour that does not fit into any other behavioural category. 
 
Wherever possible, local field guides helped to identify any food items the howlers 
were observed consuming, and any known howler food species found on the ground. 
Interviews were conducted by J. Hines with G. Sandoval of the TEFH herbarium at the 
National Autonomous University of Honduras, and with local field guides, to gather 
further information on the diet of the howler monkeys of Honduras. 
 
2.3.2.4 Habituation 
For each sighting a laser rangefinder was used to measure the horizontal distance 
between the monkeys and the observers (observer-group distance), and the height of 
the monkeys in the tree. The duration of each howler observation period that was 
involuntarily terminated (due to escape of the howlers) was also recorded.  However, 
some observations had to be voluntarily terminated by the observers, due to weather 
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conditions, for example.  This provided information on how the howlers adapted their 
behaviour around humans with increased human exposure.   
 
2.3.2.5 Howler Search Strategy 
Observers initiated howler monkey searches at various hours of the day (04:00, 05:00, 
06:00, 08:00, 14:00, 15:00 and 16:00), and searched in parties of varying sizes (2-12) 
in order to determine the optimal search strategy. 
 
2.3.3 Data Analysis 
For the overall group activity budget, differences between the frequencies of each 
behaviour were analysed using the χ² goodness of fit test.  Activity budgets were 
compared between adult males and adult females, and between group males and 
solitary males using χ² tests for association.  To investigate changes in the frequencies 
of the behaviour of group individuals across the day, the data were grouped into four 
three-hour blocks periods: 05:00-08:00 (P1), 08:00-11:00 (P2), 11:00-14:00 (P3) and 
14:00-17:00 (P4).  The χ² test for goodness of fit was used to test for differences in the 
frequencies of each behaviour across the four periods.  χ² tests were only carried out if 
a) the number of cells with expected values of lower than 5 was less than 20% of the 
total number of cells; and b) none of the expected values were less than 1.  When these 
rubrics were violated, behaviours were excluded to decrease the number of cells with 
low expected values until these conditions were met.  The howlers were only actually 
observed engaged in five of the behaviours described: feeding, locomotion, 
vocalisation, maintenance and resting.  All other categories were therefore excluded 
from the analysis.  To ensure independence of observations, the results for the 
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vocalisation (as it usually had the lowest expected frequency) behavioural category 
were excluded from χ² tests for association. 
 
The locations if the howler monkey sightings were plotted on a map using 
Geographical Information Systems (GIS).  The area of the polygon formed by joining 
the outer sighting points was then measured to estimate the minimum area occupied by 
the howler monkeys.  The number of different groups observed was divided by the 
area they occupy, then multiplied by mean group size to give a rough population 
density estimate.   
 
The relationship between the sighting number and a) observer-group distance; and b) 
the height of the monkeys in the tree; and c) the sighting duration was investigated 
using correlation.  The relationship between the number of observers and the sighting 
probability was analysed using correlation also.  Successive sighting number was used 
as an indication of the degree of exposure of the howler monkeys to humans.  
Significance was set at the 5% level. 
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2.4 RESULTS 
 
2.4.1 Species identification 
Despite exhaustive attempts during the time available, gel electrophoresis gave no 
positive results for any of the 5 microsatellite loci, using DNA extracted using all three 
protocols from any of the samples collected from A. caraya, A. sara or the wild species 
in Honduras. However, visually the howlers appeared to be more similar to A. palliata 
than A. pigra, as a light fringe could be seen along the flanks of many individuals, 
although no clear photographs of this could be taken (the best photograph is shown in 
Fig. 2.6).  
 
 
Fig. 2.6.  Adult howler monkey showing light fringe along flank.  Photograph: Alex Blaisse. 
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2.4.2 Group Size, Composition, Distribution and Density 
Adult females, infants and juveniles were only observed in groups.  A minimum of 
three different groups were observed.  Mean group size was 3.3 ± 1.6 individuals, and 
the average group contained 1.6 adult males, 1.3 adult females, 0.1 juveniles and 0.3 
infants.  Mean group size was smaller than reported in other studies on A. palliata and 
A. pigra, but was more similar to that of A. pigra (Table 2.5).  This seems primarily 
due to the lower number of adult females reported here than in previous studies.  There 
were also fewer adult females, juveniles and infants than is given in most other studies 
(Table 2.5).  
 
The distribution of the howler monkey sightings is given in Fig. 2.7, and the minimum 
area they occupied was 0.109 km².  This gives a density of 27.5 groups/km² and 90.8 
individuals/km², which is similar to most other densities given for A. palliata but larger 
than most values for A. pigra (Table 2.6). 
 
 
Fig. 2.7.  Location of howler monkey sightings.  Red line represents T1, yellow line represents T2, 
green line represents T3.   
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Table 2.5.  Comparison of group size and composition in various countries for A. palliata and A. pigra. Group composition is given as individuals per group, and is 
an absolute valve from a single study unless otherwise stated. 
 
Notes:  valu counters; 1mean es of all en 2 not actu ean va e but absol te value gi en for a single group; 3ally a m lu u v mean valu  percentage values 
given by the author; 
es extrapolated from
Species     Country Site
Mean 
group size 
Group size
Range 
 Total 
adults 
Adult 
males 
Adult 
females 
Juveniles 
or 
Subadults Infants Reference
 Honduras Cusuco 3.3 1 - 10 2.91 1.61 1.31 0.11 0.31 Present study 
A. palliata Mexico Various 9.1 5 - 16 
 
     
        
        
         
      
      
      
     
      
     
       
       
         
     2.3
          
        
Estrada, 1982, 19845
A. palliata Mexico Los Tuxtlas 18.5 Carpenter, 19646
A. palliata Mexico Los Tuxtlas 5.9  4 2 2 2 1 Estrada et al., 1999 
A. palliata Mexico Outside reserve 6 Estrada, 1982, 19845
A. palliata Costa Rica La Selva 11 Stoner, 1994 
A. palliata Costa Rica La Selva 202  15 5 10 3 2 Stoner, 1996
A. palliata Costa Rica La Selva 112  
 
7 2 5 3 1 Stoner, 1996
A. palliata Costa Rica Santa Rosa 13.6 Fedigan, 1986 
A. palliata Costa Rica Santa Rosa 8.1 Freese, 19766
A. palliata Costa Rica Various 8.9 - 15.4 2 - 39 Heltner et al, 1976, Glander, 1978, Clarke 19835
A. palliata Panama Barro Colorado Island 18 2 - 45 
 
11.13 3.03 8.13 3.93 2.93 Carpenter, 1965 
A. palliata Panama Barro Colorado Island 7.8 Colias & Southwick, unpublished6  
A. palliata Panama Barro Colorado Island 262  18 6 12 5 3 Wang & Milton, 2003
A. palliata Panama Coastal forest 18.9 7 - 28 Baldwin and Baldwin, 19765
A. pigra Belize Lamanai 6.754 3.55 5 15 Arrowood et al, 2003 
A. pigra Belize Various 4.4 - 6.2 2 - 10      Bolin, 1981, Horwich and Gebhard, 19835
A. pigra Guatemala Not given 5.5 4 - 7 Schlichte, 19785
A. pigra Mexico Chiapas 5.9 2 - 15           Estrada et al, 2002 
A. pigra Not given Not given 7 Neville et al., 19887
4values averaged over four groups given by the author; 5 cited in Crockett and Eisenberg, 1987; 6cited in Fedigan, 1986; 7cited in Rowe, 1996. 
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Table 2.6. Comparison of population density of A. palliata and A. pigra in various countries. 
Notes: 1Cited in Crockett and Eisenberg, 1987. 
Species Country Site 
Population 
density 
(Individuals/km²) Reference 
 Honduras Cusuco 90.8 Present study 
palliata Mexico Los Tuxtlas 23 Estrada, 1982 
palliata Costa Rica La Selva 15 Stoner, 1994 
palliata Costa Rica Various 90 
Heltner et al., 1976, Glander, 
1978, Clarke, 19831
palliata Panama Chiriquia 1067 Baldwin and Baldwin, 1976 
palliata Panama Barro Colorado Island 19-90 
Milton, 1980, Collias and 
Southwick, 19521
pigra Guatemala Not given 5-13 Schlichte, 19781
pigra Belize Not given 8-22 
Bolin, 1981, Horwich and 
Gebhard, 19831
pigra Belize 
Community Baboon 
Sanctuary 47-134 Ostro et al., 1999 
pigra Belize 
Cockscomb Basin 
Wildlife Sanctuary 3 Ostro et al., 1999 
 
2.4.3 Activity 
Overall the howler monkey groups spent the greatest proportion of their activity 
budget resting (72%), followed by locomotion (16%), feeding (9%), maintenance 
(2%), and vocalising (1%) (Fig. 2.8).  They were never observed performing any other 
social behaviour than vocalising.  
 
The χ² test for goodness of fit revealed that the distribution of the frequencies of 
behaviours was significantly different from that expected due to chance (χ² = 429.000, 
P < 0.001).  The frequency of resting was greater than expected due to chance, while 
all other behaviours were lower.  The activity budgets given in this study are very 
similar to those given in other countries (Table 2.7). 
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Fig. 2.8.  Overall activity budget of the howler monkey groups. Error bars represent standard errors. 
 
Table 2.7.  Activity budgets (% of time) of A. palliata and A. pigra in different countries. 
Species Country Site Resting Feeding Locomotion Social Reference 
 Honduras Cusuco 72 9 16 11
Present 
study 
A. palliata Mexico Los Tuxtlas 80 17 1-32 1-32
Estrada et 
al., 1999 
A. palliata Costa Rica La Selva 55.03 24.03 13.53 5.53, 4
Stoner, 
1996 
A. palliata Panama Bocas Del Toro 59.2  16.9  
Meltz, 
2002 
A. palliata Panama Barro Colorado Island 65 10 65  
Milton, 
1980 
A. palliata Not given Not given 74 15-22  4 
Neville et 
al., 19885
A. pigra Mexico Chiapas 61.9 25.4 9.8  
Estrada et 
al, 2002 
A. pigra Not given Not given 66 22 12   
Schlichte, 
19785
 
Notes: 1vocalisation considered as social behaviour; 2values given for locomotion and social behaviour 
combined; 3values estimated from graphs and averaged over two groups; 4values summed for 
vocalisation and social categories given by author; 5cited in Rowe, 1996. 
The activity budgets of adult males living in groups was significantly different from 
solitary adult males (χ²test for association: χ² = 54.266, P < 0.001).  In comparison 
with adult males living in groups, solitary adult males spend a greater proportion of 
time resting and a smaller proportion of time engaged in all other behaviours (Fig. 
2.9). 
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Fig. 2.9.  Activity budget of adult males observed in groups and solitarily.  Error bars represent standard 
errors. 
 
Significant differences were also observed between the activity budgets of adult males 
living in groups and adult females.  (χ² tests for association: χ² = 9.482, P = 0.024).  
Adult females allocated a greater proportion of their activity budget to resting and a 
smaller proportion to feeding and locomotion than adult males (Fig. 2.10). 
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Fig. 2.10.  Activity budgets of adult males living in groups and adult females living in groups.  Error 
bars represent standard errors. 
 
Over the course of the day, the howler monkeys demonstrated differences in the 
proportions of activity budgets that they allocated to various behaviours (Fig. 2.11).  χ² 
tests for goodness of fit on the behaviour of the group-living individuals showed that 
there was a significant difference in the frequency of resting throughout the day (χ² = 
13.056, P < 0.001).  Individuals were observed resting less than predicted by the 
rectangular distribution in periods P1 and P4, and more in periods P2 and P3. 
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Fig. 2.11. Activity budgets throughout the day.  Error bars represent standard errors. 
 
The distribution of the frequency of locomotion also showed a significant difference 
throughout the day (χ² test for goodness of fit: χ² = 11.560, P < 0.001). In contrast with 
resting, locomotion was more frequent than predicted by the rectangular distribution in 
P1 and less frequent in P2, P3 and P4. Feeding followed the same pattern, and was also 
significantly different than predicted (χ² test for goodness of fit: χ² = 29.200, P < 
0.001). 
 
Howler monkey vocalisations were heard a total of 26 times.  There was a peak of 
vocalisation frequency between 05:00 and 06:00 (Fig. 2.12). 
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Fig. 2.12.  Frequency of howler monkey vocalisations heard throughout the day. 
 
2.4.4 Identification of Food Species 
The only food species that could be identified while the howler monkeys were feeding 
on them was Liquidambar striqflu (feeding on the fruit) and Ficus spp (feeding on the 
fruit and the leaves).  The results of the interviews to determine which species were 
consumed by howler monkeys are given in Table 2.8.  Photographs were taken of 
some of these fruits: guyava de montaña fruit and lima de palo fruit (local Spanish 
name given as the latin name could not be identified) (Fig. 2.13).   
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Table 2.8.  Details of species consumed by Honduran howler monkeys.  Photographs were obtained for asterisked species.
Spanish Name Latin Name English Name Alternate Names Family Eat Fruit? Eat Leaves? Eat Seeds? Eat Flowers? 
Liquidambor 
 
Liquidambar styraciflua 
 
Liquid amber, 
Satin walnut 
Bálsamo blanco 
 
Hamamelidaceae 
 
No 
 
Yes 
 
No 
 
No 
 
Granadilla de montaña Not identified    Yes No No No 
Aquacatillo de montaña Nectandra spp. or Persea spp.     
       
       
    
       
     
     
     
      
      
    
     
     
Lauraceae Yes Yes Yes No
Hichoso de montaña Ficus spp. Fig Moraceae Yes Yes No No
Guyava de montaña* Not identified    Yes No Yes No 
Higo Ficus spp. Fig Moraceae Yes Yes No No
Lima de mata Clusia spp. Clusiaceae Yes No Yes No
Lima de palo* Not identified    Yes No No No 
Hichoso de danto Ficus spp. Fig Moraceae Yes Yes No No
Guarumo Cecropia peltata Trumpet wood Guarumo hembra Cecropiaceae No Yes No No
Cedro 
 
Cedrela odorata 
 
Spanish cedar 
 
Cedro real, Cedro 
oloroso 
Meliaceae 
 
No 
 
Yes 
 
No 
 
No 
 
Sapotillo de montaña Billia spp. Hippocastanaceae
 
Yes No No No
Sucte de montaña Persea spp. Yes Yes No No
Lilios Telladsia spp. No Yes No No
Cyprus Not identified No Yes No No
Guama de montaña Inga vera Mimosaceae No No Yes No
Nance de montaña Hyeronima spp. Euphorbiaceae
 
 Yes Yes No No
Anona de montaña Hedyosmus mexicana Yes No No No
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Fig. 2.13.  Fruits consumed by howler monkeys: a) guyava de montaña, opened; b) guyava de montaña, 
shell from outside; c) lima de palo, opened and partially eaten by howler monkeys; d) lima de palo, 
complete.   
 
2.4.5 Habituation 
The mean horizontal distance from the observers was 18 ± 8m, although this variable 
was not significantly correlated with the sighting number (correlation coefficient: r = 
0.239, P = 0.569). The mean height of the howlers in the tree was 28 ± 11m, and 
similarly this was not significantly correlated with sighting number (correlation 
coefficient: r = 0.583, P = 0.130).  The mean duration of the sightings that were 
terminated involuntarily was 195 ± 242 minutes.  Sighting duration was not 
significantly correlated with sighting number (correlation coefficient: r = 0.731, P = 
0.615).  Throughout the study the howler monkeys did not appear to respond 
negatively to the presence of observers, and appeared not to change their behaviour 
after detection of the observers. 
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2.4.6 Search Strategy 
There was a difference in the sighting rates between the three trails.  T1 had the highest 
sighting rate (1.00 sighting/km), while T2 and T3 yielded lower values (0.32 and 0.29 
sightings/km respectively).  These differences, however, could not be analysed using 
the χ² test for goodness of fit as expected values for sighting rates were all less than 5.  
The only surveys that yielded and sightings were initiated 04:00 and 05:00 (70 % 
sighting probability), 05:00 and 06:00 (25% sighting probability) and 08:00 and 09:00 
(20% sighting probability). 
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Fig. 2. 14.  Number of observers against sighting probability.  Error bars represent standard errors. 
 
There was a negative correlation between the number of observers and the sighting 
probability, although this was not significant (correlation coefficient: r = -0.454, P <  
0.219, Fig. 2.14).   
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2.5 DISCUSSION 
 
2.5.1 Species Identification 
Visual observations indicated that the species present in this study area is A. palliata.  
This supports the geographic range given by Emmons (1997), but conflicts with 
Kinzey (1997).  In most (but not all) sightings, the pale fringe along the flanks that is 
characteristic of A. palliata was observed.  It is therefore possible that A. pigra could 
also be present, but this is unlikely as howler monkey species are generally allopatric 
(Emmons, 1997), and few areas of sympatry have been recorded (only at one site in 
Mexico for A. palliata and A. pigra: Smith, 1970).  It is more likely that the dense 
foliage and large distance between observers and howlers made visual identification 
problematic for some sightings.  If the species present at this site is A. palliata and not 
A. pigra, the geographic range of A. pigra probably does not include Honduras, 
because the Cusuco National Park contains one of the nearest areas of protected forest 
in the country to Guatemala, so is one of the most likely sites to support them.   
 
As this morphological evidence is not completely conclusive, however, molecular 
evidence to support species identification would have been particularly useful.  The 
reasons for the unsuccessful microsatellite amplification are not clear.  Advice on 
protocol modifications was sought from a number of leading authors in the field, but 
due to the logistics of working at a field site, there was little time to implement these, 
or experiment with the procedure.   
 
The protocol may have been unsuccessful at any of the four experimental stages: 
sample storage, DNA extraction, PCR, or gel electrophoresis.  The procedure for gel 
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electrophoresis is unlikely to be the problematic step, as there is little that can go 
wrong with this relatively simple technique.  The possible problem with the sample 
storage step is that because the samples could not always be stored at 4ºC, the DNA 
may have been degraded before it could be analysed. This is unlikely, because 
RNAlater® is one of the most effective solutions for preserving DNA in faecal samples 
(Nsubuga et al., 2004).  According to the manufacturers, RNAlater® is capable of 
preserving RNA in samples for one month at 4ºC or one week at room temperature.  
As DNA is much more stable than RNA, the DNA in the sample should have been 
adequately preserved.  In order to determine if the DNA extraction was successful, 
quantitative PCR or agarose gel electrophoresis could be performed to determine DNA 
yield.  Protocol modifications suggested included adding a carrier (polyA RNA) and 
other additional steps (Bruford, pers. comm., Mueller, pers. comm., Roeder, Pers. 
comm.).  In order to determine if it was the PCR step that was unsuccessful, it is 
necessary to use a positive control.  Ideally this would have been DNA extracted from 
a blood or tissue sample, as much greater yields of DNA can be extracted from such 
materials.  However, no such samples were available, so no positive control was used.  
As an alternative, control primers such as those for actin could be used to amplify 
other sequences of DNA as a positive control (Mueller, pers. comm.).  Potential 
modifications to the PCR step might include adding additional reagents such as BSA 
to the PCR mix, as this would bind inhibitors present in the DNA extract and keep 
them from interfering with the PCR reaction (Roeder, pers comm.).  Adding more of 
the DNA extract to the PCR step may also be necessary, as this would increase the 
amount of target DNA sequence available for the polymerase to amplify. The DNA 
from the faecal samples collected from A. sara and A. caraya may not have been 
successfully amplified because the primers used have not been tested in these species, 
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and may not amplify their DNA.  However, the primers used have been tested on both 
A. palliata and A. pigra, and should theoretically amplify DNA in these species.   
 
Other studies on howler monkey microsatellites have used blood or tissue samples, and 
it can be very difficult to extract DNA from faecal samples from highly folivorous 
primates (Bruford, pers. comm.), so it is possible that non-invasive microsatellite 
analysis may not be possible for this species.  Alternative molecular approaches may 
prove more successful, although their effectiveness using non-invasively collected 
material remains to be investigated. Techniques such as analysis of sequence 
divergence in the mitochondrial gene cytochrome c oxidase subunit 1 (COI), analysis 
of divergence loops in ribosomal DNA (rDNA), or using rRNAs as probes for DNA 
micorarrays have been suggested for species identification (Hebert, 2003 et al., Tautz 
et al., 2001). 
 
2.5.2 Group Size and Composition 
The mean group size observed (3.3 ± 1.6 individuals) was smaller than is given in most 
other studies of A. palliata or A. pigra (Carpenter, 1965, Crockett and Eisenberg, 1987, 
Estrada et al., 2002, Fedigan, 1986, Stoner, 1994, 1996).  The small group size is 
mainly due to the number of adult females, which is much lower than in most other 
studies.  Fewer juveniles and infants were observed than has been reported elsewhere, 
although this is less marked.  It is difficult to determine if the difference in group size 
and composition is a real difference or an artefact of the lack of data available.  The 
only solitary individual observed was an adult male. It would be expected to find more 
solitary males than females, because although high proportions of both sexes disperse 
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from their natal groups, males live solitarily for longer than females (up to four years 
and one year respectively) (Glander, 1992). 
 
Howler group size is positively correlated with population density (Crockett and 
Eisenberg, 1987), so the low group size observed at Cusuco suggests that the there 
may be a low population density.  This is not supported by the distribution data, 
however, which indicate that the howlers have a population density of 90.8 
individuals/km².  Although this must be interpreted carefully due to the limited amount 
of data that it is based on, this is comparable to population densities given in most 
studies of A. palliata, and greater than in most studies of A. pigra (Table 2.6).  If group 
size is smaller at Cusuco than at other sites despite a normal population density, this 
may suggest a lower carrying capacity of this habitat.  
 
2.5.3 Activity 
Overall, the howlers spent significantly more time resting than engaged in any other 
behaviour (χ² = 429.000, P < 0.001, Fig. 2.8). This is similar to other studies of howler 
monkeys, but represents a much greater proportion of the activity budget other similar 
sized Neotropical primates (Estrada et al., 1999, 2002, Meltz, 2002, Milton, 1980).  
Ateles geoffroyi, for example, only rests for 40-54% of its activity budget (Eisenberg 
and Kuehn, 1966, Richard, 1970). This reflects the different diets of the species: Ateles 
geoffroyi are primarily frugivorous, whereas howler monkeys consume a much greater 
proportion of leaves than Ateles geoffroyi (Richard, 1970, Milton, 1980, Stoner, 1996).  
Howlers must therefore devote a large portion of their budget to resting in order to 
digest their bulky, low energy diet (Crockett and Eisenberg, 1987, Milton, 1980).  This 
energetic constraint is thought to be responsible for a travel-minimising howler 
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strategy in howler monkeys, and there is evidence to suggest that howlers travel almost 
exclusively to reach food sources in a highly directed manner (Jelinek et al., 2003, 
Milton, 1980).  A much lower proportion (16%) of the activity budget was devoted to 
locomotion than to resting in this study.  A smaller still proportion of the budget (2%) 
was allocated to maintenance (mainly autogrooming), and allogrooming was not 
observed.  This seems to be a feature of howler monkey societies, and it appears that 
howlers spend less time grooming (or engaged in any social interaction) than most 
other primates (Moynihan, 1976, Crockett & Eisenberg, 1987, Kinzey, 1997, Richard, 
1970).  The overall activity budgets observed at Cusuco do not appear to differ 
exceptionally from other studies (Crockett and Eisenberg, 1987, Estrada et al., 1999, 
2002, Meltz, 2002, Milton, 1980, Stoner, 1996). 
 
When comparing the activity budgets of solitary males with group-living males, a 
significant difference is revealed (χ² = 54.266, P < 0.001, Fig. 2.9). It appears that 
solitary males invest more time in resting and less time in all other behaviours than 
males living in groups.  However, because the data were collected from only one 
solitary male it is very difficult to determine whether this is a universal trend or an 
artefact of the lack of available data.  As such exceptionally little feeding or other 
activity was observed from the solitary male, it is possible that it may have been ill, for 
example.  A longer term study would be necessary to more reliably investigate the 
difference between group-living and solitary individuals. 
 
The activity budgets of group-living adult males and adult females also displayed a 
significant difference (χ² = 9.482, P = 0.024, Fig. 2.10).  Adult males allotted more 
time to feeding and locomotion and less time to resting than adult females.  This may 
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be because males tend to lead and defend the group, which involves locomotion and 
vocalisation at the expense of resting (Carpenter, 1933).  Males would therefore 
expend more energy than females, necessitating a greater proportion of time feeding. 
 
Interestingly, the distribution frequency of the behaviours was found to change 
significantly over the course of the day (χ² = 11.560, P < 0.001, Fig. 2.11). Feeding 
and locomotion were more frequently observed than expected in P1 (05:00-08:00), and 
resting was more frequent in P2 and P3 (08:00-14:00). This is consistent with Milton’s 
(1980) observations of morning foraging bouts followed by long resting periods. It 
differs slightly, however, from the distribution reported by Estrada et al. (1999).  They 
noted that feeding and resting displayed a bimodal pattern: feeding peaked in the early 
morning and late afternoon, and resting displayed the inverse pattern.  It appears as 
though the observations at Cusuco may have followed this pattern also, given a greater 
sample size (Fig. 2.11).  All other activities increased in rate towards the afternoon in 
Estrada et al.’s (1999) study, but it is difficult to determine the pattern of most of these 
behaviours at Cusuco due to insufficient data. 
 
The distribution of vocalisations was also found to vary over the course of the day, 
with a distinct peak between 05:00 and 06:00 (Fig. 2.12).  This is very interesting as it 
clearly fits the vocal pattern described for many populations of A. palliata, and is 
plainly different from the bimodal distribution described for A. pigra (which peaks in 
early morning and in late afternoon) (Baldwin and Baldwin, 1976, Carpenter, 1934, 
Chivers, 1969, Cornick and Markowitz, 2002, Horwich and Gebhard, 1983).   
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2.5.4 Food Sources 
The howlers were only observed consuming two plant species, as it was extremely 
difficult to identify the species they were feeding on from a distance.  Eighteen food 
species were identified from interviews with local experts (Table 2.8), of which 7 
families (Cercropiaceae, Clusiaceae, Euphorbiaceae, Lauraceae, Meliaceae, 
Mimosaceae, and Moraceae) and 4 genera (Cercropia, Clusia, Hyeronima and Inga) 
overlapped with species consumed by A. palliata in Costa Rica and Panama (Milton, 
1980, Stoner, 1996).  The data collected from the interviews, however, must be treated 
with caution, as they represent the views of only a few individuals, and may be 
subjective. 
 
2.5.5 Habituation 
There was no significant association between the sighting number and the observer-
group distance (r = 0.239, P = 0.569), the height of the howlers in the tree (r = 0.583, 
P = 0.130), or the sighting duration (r = 0.731, P = 0.615).  This provides no evidence 
for habituation of the howler monkeys to the presence of observers.  This may be 
because the group could not always be identified for each sighting due to the limited 
number of sightings, so data were pooled from all groups.  The sighting number is 
therefore only a measure of the length of potential human exposure (ie the length of 
time humans had been present in the area) rather than the actual number of exposures 
of the group to humans, and is therefore a less effective an indicator.  Changes in 
observer-group distance and mean sighting duration were found to be poor indicators 
of habituation in great ape species, and monitoring changes in initial reaction to human 
presence may be more effective (van Krunkelsven et al., 1999, Rodman, 1979).  It was 
anecdotally noted that the initial response of the howler monkeys to human presence 
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was always to ignore the human observers.  They always continued to engage in the 
behaviour in which they were engaged in when first encountered, even after looking 
directly at the observers.  This suggests that the howlers did not habituate to the 
presence of human observers.  It also indicates, however, that as the howler monkeys 
simply continued their natural behaviour, and that they did not need to be habituated in 
order to study them.  Few other primates (bushbabies (Galago spp.) and several lemur 
species) require little or no habituation (Williamson and Feistner, 2003).  This may be 
a sign that the howlers are not hunted in this area (Williamson and Feistner, 2003), 
which is consistent with information from locals.  Other measures such as range use 
and daily path length have also been suggested as good indicators of habituation in 
other primate species, so it would be interesting to investigate how these variables 
change with increased human exposure (Ramussen, 1991, Williamson & Feistner 2003 
cite Ramussen, 1998). 
 
2.5.6 Search Strategy 
Searches that were initiated between 04:00 and 05:00 were most effective at locating 
howler monkeys.  This is probably because it allowed searching to coincide with the 
peak time for howler vocalisation, aiding detection.  Although significant correlation 
was found between observer party size and sighting probability (r = -0.454, P < 0.219), 
there is insufficient data to make a definitive conclusion.  However, it has been 
recommended that when observing primates it is best to keep observer party size to a 
minimum, as larger parties often make more noise, and may appear more threatening 
to the primates (Williamson and Feistner, 2003).  It would therefore be expected that 
larger parties of observers would have a smaller sighting probability, so perhaps 
collection of more data would have supported this. 
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2.5.7 Conclusions 
Data on morphology and behaviour suggests that the species of howler monkey present 
in the Cusuco National Park is A. palliata.  Based on this evidence it is unlikely that A. 
pigra occurs in Honduras.  Microsatellite analysis was not successful, therefore no 
molecular evidence was available to aid species identification.  Several modifications 
to the microsatellite analysis technique are suggested.  Group size appears 
exceptionally small at Cusuco, mainly due to a lack of adult females, although a lack 
of data makes this difficult to verify.  The population density of howler monkeys 
seems similar to most other studies, as does their overall activity budget.  Differences 
between the activity budgets of males and females can be explained by their differing 
roles in howler monkey society.  Changes in activity patterns over the course of the 
day largely concur with previous studies.  Vocalisations demonstrated a marked peak 
in frequency the early morning as has been reported for other studies of A. palliata, but 
contrasting with the pattern observed in A. pigra. The early peak in vocalisations is 
thought to explain why searches initiated early in the day were most likely to yield 
sightings.  Data on food species indicates that food items consumed by howler 
monkeys at Cusuco overlap with those consumed by other populations.  No evidence 
was found for habituation of howler monkeys to the presence of human observers, 
although howlers appeared to display natural behaviours throughout the study. 
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Chapter Three 
 
An Investigation of Apparent Iris Metachrosis, and 
Comparative Morphology of the Eye of Agalychnis 
Tree Frogs (Anura: Hylidae: Phyllomedusinae) 
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3.1 INTRODUCTION 
 
3.1.1 The Eye 
Vision is enormously important to the survival many animals.  It is often the major 
sensory modality used for hunting prey and avoiding predation, and consequently the 
eye is of great importance to the survival of numerous animals including amphibians. 
The eyes of frogs (anurans) vary greatly in size, with those of arboreal species 
proportionately the largest (Duellman and Trueb, 1994).  This may infer that vision is 
more important in these species, or perhaps indicate that eyes are used as a signal in 
visual communication. 
 
 
 
Fig. 3.1.  Semi-diagrammatic cross section of the anuran eye (based mainly on the leopard frog, Rana 
pipiens).  nm – nictitating membrane; ll – lower eyelid (lower portion); ul; upper eyelid; pn – papillary 
nodules (Adapted from Walls, 1942). 
 
The amphibian eyeball is almost spherical (Fig. 3.1).  It can be retracted into the orbit 
by contracting the retractor bulbi muscle, and is returned back to its normal position by 
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the levator bulbi muscle (Williams and Whitaker, 1994).  No other movement of the 
globe occurs, as the six remaining extraocular muscles are vestigial (Stebbins and 
Cohen, 1995, Williams and Whitaker, 1994).  The retraction of the eyeball into the 
orbit is important in swallowing, because the orbit and the buccal cavity are only 
separated by a thin membrane.  This action also provides the eye with mechanical 
protection (Williams and Whitaker, 1994).  The retraction of the eyeball also allows 
the lower eyelid to be drawn over the eye, providing further protection (Fig. 3.1 and 
3.2).  This is achieved by contraction of the membrana nictitans muscle, which is 
attached to either end of the upper edge of the lower eyelid by a tendon (Duellman and 
Trueb, 1994, Noble, 1931).  The lower eyelid is withdrawn principally by the action of 
the m. levator bulbi muscle, but also by protrusion of the eyeball (Duellman and 
Trueb, 1994). 
 
The lower eyelid is divided into an upper and a lower portion (Duellman and Trueb, 
1994, Noble, 1931).  The upper portion of the lower eyelid is known as the nictitating 
membrane, and usually consists of a thin elastic translucent conjunctival fold (Fig. 3.1 
and 3.2) (Duellman and Trueb, 1994, Williams and Whitaker, 1994).  It has little or no 
pigmentation in some frogs.  In frogs with a pigmented nictitating membrane, the 
pigmentation probably serves to conceal the potentially conspicuous eye below, while 
allowing the frog to see (Duellman and Trueb, 1994).  Anurans also have an upper 
eyelid (Fig. 3.l), but this has very limited movement and consists of merely an 
integuementary fold (Duellman and Trueb, 1994).   
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Fig. 3.2.  Half-closed lower eyelid of A. callidryas.  Note the upper portion of the lower eyelid is 
composed of translucent areas and a network of opaque reticulation.  The black pupil and red iris can be 
seen through the translucent areas. 
 
3.1.2 Colour and Predators 
In amphibians the iris is coloured with the pigment-containing cells (chromatophores) 
melanophores, iridophores and in some anurans, xanthophores. Carotenoid pigments 
and crystals of guanine also colour the iris (Duellman and Trueb, 1994, Williams and 
Whitaker, 1994).  Iris colouration does not affect the vision of animals (Walls, 1942), 
so perhaps the significance of the variety of iris colours displayed by anurans lies in an 
anti-predator role.   
 
Some animals make use of bright colours to increase their visibility as an anti-predator 
mechanism.  Bright aposematic (warning) colouration is used by the poison-dart fogs 
(Dendrobatidae) of tropical America (Duellman and Trueb, 1994, Stebbins and Cohen, 
1995).  More commonly, however, bright colouration is confined to areas of the body 
that are usually concealed so as not to interfere with any concealing colouration, such 
as the brightly coloured flanks of many frogs in Central America (Duellman, 1970, 
Stebbins and Cohen, 1995).  These so-called flash markings are normally vivid and 
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contrast with the dorsal colouration.  When the frog is threatened it leaps, suddenly 
temporarily exposing the flash markings to startle the predator. When the frog lands it 
assumes its resting posture, concealing the bright colouration and presenting only the 
possibly cryptically coloured dorsal surfaces (Duellman and Trueb, 1994, Stebbins and 
Cohen, 1995).   
 
In contrast, animals more commonly use colour to make them more difficult for 
predators to detect.  This frequently takes the form of camouflage.  Cott (1940) noted 
that the iris colour of animals often matches that of the head as a whole, enhancing 
camouflage.  This has been taken to extremes in some species of animal such as the 
lionfish, Pterois volitans, and the western painted turtle, Chrysemys picta marginata, 
where uninterrupted black and yellow cross the head, including the eye (Fig. 3.3). 
 
 
Fig. 3.3.  Continuous colouration patterns across the skin and eyes of the lionfish (left), and the western 
painted turtle (right) (after Cott, 1940 and Walls, 1942). 
 
The eyes are not the only area of the body that use concealing colouration.  The skin 
colours of many frogs matches the substrates on which they live, such as the leaf-green 
dorsum of many species of arboreal frogs (Duellman, 1970, Norris and Lowe, 1964).  
Concealing patterns are also sometimes used in the skin, such as in Hyla arenicolor 
(Fig. 3.4) (Duellman and Trueb, 1994).   
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Fig. 3.4.  Concealing colouration of Hyla arenicolor (Duellman and Trueb, 1994). 
 
Another strategy involves disruptive colouration, which interferes with the perception 
of the true outline of the animal such as the dorsum pattern of species of the California 
tree frog, Pseudacris cadaverina (Bradbury and Vehrencamp, 1998, Stebbins and 
Cohen, 1995).  In addition, many anurans are capable of modulating their skin colour 
(metachrosis) in response to changing light levels and background colours, which may 
also make them less conspicuous to predators (Duellman, 1970, Iga and Bagnara, 
1975, King and King, 1991).  One such group of frogs that display this ability are the 
hylids.  
 
3.1.3 Hylid Frogs 
Frogs belonging to the family Hylidae form part of a group of anurans known as tree 
frogs.  Hylids share several morphological adaptations to their arboreal habitat 
including modified fingers and toes that allow them to climb more effectively. There 
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are approximately 450 species of hylid, which are currently classified into five sub 
families (Frost, 2002).  The morphological characteristics, along with behavioural, 
physiological and chromosomal characteristics of one hylid sub family, 
Phyllomedusinae, indicate an early divergence from other tree frogs (Duellman, 1968, 
Maxson, 1976). Their evolutionary biology and relations to other taxa is controversial 
and not fully understood (Bagnara, 2003).  Recent revision splits the 40 species of the 
sub family into 6 genera (formerly 3) (Duellman, 1993).  Phyllomedusines occur 
exclusively in the Neotropics, and are the only frogs in the region with a vertical slit 
pupil.  The morphology of the eye has been used as a key taxonomic character to 
define hylid species and groups, although the phylogeny of this group is not fully 
understood (Duellman, 1970, Cruz, 1991).  
  
Within the Phyllomedusinae, frogs of the genus Agalychnis also have vivid 
colouration: they often have brilliant flash markings on their flanks and thighs, and 
also have large, brightly coloured eyes (Duellman, 1970).  A. callidryas has both of 
these characters and is typical of the genus.  The nictitating membrane is reticulated in 
all eight Agalychnis species (such as in Fig. 3.2), with the exception of A. calcarifer 
and A. craspedopus, in which it is unpigmented (Duellman, 1970, Hoogmoed and 
Cadle, 1991).  The iris of these two species also differs from the other Agalychnis.  The 
iris of A. calcarifer and A. craspedopus consists of two colours; a dull grey inner area, 
and a bright yellow peripheral border, whereas the eyes of other Agalychnis are a 
single solid colour of red (Fig. 3.5) (A. callidryas, A. saltator, A. spurelli, A. litodryas 
and A. moreletti) or orange (A. annae) (Duellman, 1970, Gray, 2001, Hoogmoed and 
Cadle, 1991).  The eye morphology of these species has not previously been described 
in detail, and it is not known how these characteristics vary between sexes or 
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developmental stages.  However, eye colouration is an important characteristic used to 
assess phylogenetic relationships, so its study may help to clarify the taxonomic status 
of these frogs (Cruz, 1991).  The reason for the interspecific difference between A. 
calcarifer and A. craspedopus is it is not understood.  
 
 
 a  b  c
Fig. 3.5.  Iris colouration and patterns in a) A. calcarifer, b) A. craspedopus, c) A. callidryas. 
 
The yellow area of the iris of A. calcarifer and A. craspedopus appears to only become 
visible as the eye opens, an observation that has only been acknowledged in the 
unpublished work of Gray (2001).  The mechanism by which this occurs could be 
effected by several mechanisms.  Firstly, the grey chromatophores in the iris could 
change colour and become yellow (Bagnara, 1976, Bagnara and Hadley, 1973).  
Secondly, the yellow chromatophores could migrate towards the centre of the iris. 
Both of these hypotheses involve a redistribution of pigment throughout the iris. 
Thirdly, the pigment could remain in a constant pattern, but the animal could simply 
reveal more of the area in which they are positioned.  However the mechanism used is 
as yet unknown. 
  
Traditionally, morphometric measurements are taken manually with callipers.  This 
makes measurement of two-dimensional features difficult, particularly if they are 
irregularly shaped.  This may be the reason that measurements of lengths rather than 
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areas are conventionally used in morphological studies (Duellman, 1970).  However, 
given recent advances in digital technology, it would be relatively simple and cost-
effective to use digital photography and image analysis software to measure both one- 
and two-dimensional features, such as the proportions of the iris with a particular 
pigmentation.  As it does not require physical contact, this technique would also permit 
measurements of features that are difficult measure manually, such as sensitive areas 
of the body like the eye.  Dangerous animals could also be measured safely, as no 
handling is necessary.  The digital image analysis technique would also allow a 
number of dimensions to be measured from a single picture, which would be less 
stressful to live animals as it reduces the time spent handling them.  Several previous 
studies have used digital photography techniques to study iris colour, but this does not 
yet seem to have been applied to morphometrics (Bee et al., 1997, Niggemann, 2000, 
Niggemann, et al., 2003). 
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3.2 AIMS 
 
This study aims to: 
1. Digital image analysis to investigate the apparent colour change that takes 
place as the eye of A. calcarifer and A. craspedopus opens, and determine the 
mechanism by which this occurs. 
2. Use digital image analysis to describe in detail the morphological 
characteristics relating to the eye of A. calcarifer, A. craspedopus, and compare 
them to other Agalychnis frogs.  This will be used to assess the phylogeny of 
the genus.  In A. calcarifer the differences between males and females, and 
juvenile and adult specimens will also be investigated.  This will be 
accomplished by studying the following characters: 
a. The lower eyelid 
i. The relative proportions of the nictitating membrane and the 
lower portion of the lower eyelid. 
ii. The relative proportions of the transparent and the opaque 
regions of the nictitating membrane. 
b. The eyeball  
i. The total area of the eye when open. 
ii. The extent to which the eyeball protrudes from the head. 
iii. The area occupied by the colours that make up the iris when 
the eye is both closed and open. 
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3.3 MATERIALS AND METHODS 
 
Captive specimens of the required species were available from the hylid research 
collection at the Vivarium and Aquarium, The Manchester Museum, The University of 
Manchester.  Research was possible because the specimens were maintained at The 
Manchester Museum under The Zoo Licensing Act (1981), and as such non-invasive 
research is permitted under The Home Office Animals (Scientific Procedures) Act 
1986. 
 
3.3.1 Study Animals 
Four adult male A. calcarifer, five adult female A. calcarifer, and four young A. 
calcarifer were studied.  Four adult male A. craspedopus were also studied.  Four un-
sexed adult A. callidryas specimens were used as a representative species of the other 
Agalychnis frogs, as they have a solid iris colour and a reticulated nictitating 
membrane like all other species in the genus.  The specimens of A. calcarifer and A. 
callidryas originate from Costa Rica, those of A. craspedopus originate from Ecuador.  
The sizes of each group studied are given in Table 3.1. 
 
Table 3.1.  Mean snout-vent lengths of each group studied.  Values in parenthesis represent standard 
deviations. 
 
Group 
Mean snout-vent length ± 
standard deviation (mm) 
Male A. calcarifer 67.7 ± 1.5 
Female A. calcarifer 78.2 ± 2.0 
Young A. calcarifer 33.0 ± 2.3 
A. craspedopus 61.6 ± 2.8 
A. callidryas 60.2 ± 3.2 
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3.3.2 Measurements 
In order to quantify the extent of apparent iris metachrosis as the eye opens, and the 
morphological differences between the eyes of the three study species, between male 
and female A. calcarifer, and between adult and young A. calcarifer, a series of digital 
photographs were taken.  These were taken using a 3-CCD Sony DCR-TRV30E digital 
video camera recorder that was fixed into position using a tripod.  A rule was included 
in each shot to set the scale.  Light levels varied between 81 and 209 lux.  It was 
necessary to take photographs of each frog from several angles to measure all the 
necessary features.  A summary of the photographs taken and the measurements made 
from each shot is given in Table 3.2 and selections of the measurements made from 
them are given in Fig. 3.4-3.6. 
 
Table 3.2.   Summary of the photographs taken of the frogs, the angles from which they were taken, the 
measurements made from them, and the figures that relate to them. 
Area of body 
photographed Photograph angle Measurements made Fig. 
Lower eyelid Straight on Area of: total eye, lower portion of the lower eyelid,  
nictitating membrane, transparent section of nictitating 
membrane, opaque section of nictitating membrane, 
central iris colour, peripheral iris colour, pupil 
3.6a 
Eyeball Straight on Area of: total eye, peripheral iris colour, central iris 
colour, pupil 
3.6b 
Eyeball Along plane of face Maximum protrusion of eye from head, eye diameter 3.7 
Head and body Above Head width, snout-vent length 3.8 
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Fig. 3.6. A selection of areas measured from the eye.  a) Closed eye; b) Open eye.  Areas marked with 
an ‘o’ made up the opaque section of the nictitating membrane.  These photographs will be used to 
investigate apparent iris metachrosis and to describe eye morphology. 
 
 
 
 
Fig. 3.7.  Measurements made from the shots of fully open eyes photographed along the plane of the 
face.  In each shot the nostril was in line with the edge of the face and was positioned below the eye.   
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Fig. 3.8. Body morphology measurements.  Head width was taken from in line with the posterior edge 
of the tympanum. 
 
The process of apparent iris metachrosis occurred very quickly.  As a result, no clear 
photographs could be taken of this phenomenon, so no quantitative data on this aspect 
of the morphology could be collected.  The mechanism of apparent iris metachrosis 
was therefore investigated by visually observing the boundary of the bright peripheral 
colour of the iris as the eye opens and as the pupil dilates. The distance between the 
boundary of bright yellow pigment and the centre of the pupil was estimated visually, 
providing an indication of whether or not the distribution of pigment cells was 
changing. 
 
3.3.3 Data Analysis 
Lengths and areas of morphological features were measured using the image analysis 
program ImageJ (Rasband, 2001).  The morphological measurements taken were used 
to test for differences between groups.  Proportions rather than absolute measurements 
are more useful for comparing morphological measurements between samples of 
hylids, because individuals grow continuously (Duellman, 1970).  This was 
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particularly important in this study, because the frogs tested exhibited a range of 
different sizes (Table 3.1).   
 
For this reason, the lower portion and the nictitating membrane areas of the lower 
eyelid were expressed as a proportion of the total area of the lower eyelid.  Opaque and 
transparent regions of the nictitating membrane were expressed as a proportion of the 
total area of the nictitating membrane.   In species with two different iris colours, the 
visible areas of these two coloured regions were expressed as a proportion of the total 
area of the nictitating membrane when the eyelid is closed, or as a proportion of the 
total area of the eye when the eyelid is open. Because proportions rather than absolute 
values were generated for analysis, they were transformed to make them appropriate 
for parametric statistical analysis by taking the arcsine of their square root.  This meant 
that rather than being expressed as a proportion of 1.00 they were expressed as a 
proportion of 1.57.  Eye protrusion was calculated as a ratio of the eye diameter to give 
the protrusion index.  In order to account for the different absolute sizes of the frogs, 
measurements of the total eye area were calculated as a ratio to the head width.  The 
relationship between these two parameters was tested by taking logs of each and 
performing regression analysis (Fig. 3.9).  There was a highly significant positive 
relationship between log head width and log eye area (t = 12.305, P < 0.001).  Growth 
was considered isometric, as the gradient of the regression line of these two variables 
was 1.916, which is close to the expected value of 2.0 for isometric growth.  The total 
eye area was therefore expressed as a proportion of the head width squared.   
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Fig. 3.9.  Graph of log head width against log eye area.   
 
 
When testing for differences between different Agalychnis species or between adult 
and young A. calcarifer, the data for adult male and adult female A. calcarifer were 
pooled.  Differences in all measurements between species were tested using one-way 
ANOVA using followed by Tukey post hoc tests.  Differences between male and 
female, and between young and adult A. calcarifer were tested using two sample t 
tests.  In species with two colours to their iris, paired t tests were used to investigate 
differences in the proportions of these colours between the closed and the open eye.  
Significance was set at the 5% level. 
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3.4 RESULTS 
 
3.4.1 Iris Metachrosis 
The proportion of the bright peripheral colours visible when the eye was open was 
significantly greater than when the eye was closed in both A. calcarifer (t = -28.012, P 
< 0.001) and A. craspedopus (t = -21.243, P <0.001) (Fig. 3.10, 3.11).  The proportion 
of the dull central colour visible was significantly smaller when the eye was open than 
when the eye was closed in A. craspedopus (t = 3.549, P = 0.002, 3.11).  In A. 
craspedopus, however, the portion of dull central colour was significantly greater 
when the eye was open than when it was covered by the eyelid (t = -5.047, P = 0.001, 
Fig. 3.11). 
 
 
Fig. 3.10.  The eye of A. calcarifer (left) and A. craspedopus (right) when closed (above) and open 
(below).  Note that a much greater proportion of bright peripheral colour is visible when the eye is open 
than when it is closed. 
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Fig. 3.11.  Proportion of the total eye area occupied by the bright peripheral and dull central iris colours 
when the eye was both closed and open.  Error bars represent standard errors. 
 
Observations indicated that the border of the bright and dull coloured pigment 
remained static in relation to the centre of the pupil as the eye opened.  This had to be 
estimated visually, as the phenomenon was rapid, and no clear photographs could be 
taken.  Therefore, no quantitative data could be collected on the mechanism of 
metachrosis. 
 
3.4.2 Differences Between Species 
The lower portion of the lower eyelid is opaque in all species examined (Fig. 3.12).  It 
is also patterned in A. calcarifer and A. craspedopus, as is the skin surrounding the eye 
and covering the rest of the body.  These patterns have been termed lichen markings by 
some authors (Duellman, 1970, Hoogmoed and Cadle, 1991).  The markings tend to 
form more distinct shapes in A. craspedopus than A. calcarifer.  These markings are 
absent on the lower portion of the lower eyelid in A. callidryas, as they are absent from 
the rest of its skin.  The proportions of the nictitating membrane and the lower portion 
of the lower eyelid are given in Fig. 3.13. 
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Fig. 3.12.  The lower eyelid and skin surrounding the left eye of a) A. calcarifer, b) A. craspedopus, and 
c) A. callidryas. 
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Fig. 3.13.  Proportion of the lower eyelid made up of the lower portion and the nictitating membrane, in 
the three different species.  Error bars represent standard errors. 
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There was a significant difference between the proportions of the lower eyelid 
occupied by the nictitating membrane in the three species (F = 26.068, P < 0.001).  A. 
calcarifer had a significantly larger nictitating membrane than A. craspedopus (P = 
0.016) and than A. callidryas (P < 0.001), and A. craspedopus had a significantly 
larger nictitating membrane than A. callidryas (P = 0.003).  The lower portion of the 
lower eyelid displayed the inverse trend. 
 
The nictitating membrane consisted of transparent and opaque portions.  There was a 
significant difference in the extent of these portions between the species (F = 18.485, P 
< 0.001, Fig. 3.14).   
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Fig. 3.14.  Proportions of the nictitating membrane made up of opaque and transparent portions for the 
three different species.  Error bars represent standard errors. 
 
The transparent portion was more extensive in A. craspedopus than A. calcarifer (P = 
0.049) and than A. callidryas (P < 0.001), and more extensive in A. calcarifer than A. 
callidryas (P <0.001).  The opaque portion shows the inverse trend. 
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There was a significant difference in eye area index between species (F = 16.908, P < 
0.001, Fig. 3.15).  A. callidryas had a significantly larger eye area index than A. 
craspedopus (P < 0.001) and A. calcarifer (P < 0.001), although there was no 
significant difference  between A. calcarifer and A. craspedopus (P < 0.005). A. 
calcarifer had a significantly smaller eye area index than both A. craspedopus (P < 
0.001) and A. callidryas (P < 0.001), but there was no significant difference  between 
A. craspedopus and A. callidryas (P < 0.05). 
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Fig. 3.15.  Eye area indices of the three different species.  Error bars represent standard errors. 
 
The eye protrusion index also differed significantly between the species (F = 19.031, P 
< 0.001, Fig. 3.16).  The eye of A. calcarifer protruded significantly less than that of A. 
craspedopus (P < 0.001) and A. callidryas (P < 0.001).  There was no significant 
difference between the protrusion indices of A. craspedopus and A. callidryas (P > 
0.005). 
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Fig. 3.16.  Protrusion indices of the three different species. Error bars represent standard errors. 
 
The iris of A. calcarifer and A. craspedopus was composed of two colours: a 
peripheral bright yellow colour and a central dull grey colour.  There was no 
significant difference between A. calcarifer and A. craspedopus in the proportion of 
bright peripheral colour visible when the eyes were closed (t = -1.428, P > 0.05) or 
when the eyes were fully open (t = 1.026, P > 0.05).  However, the proportion of dull 
central colour did differ between the two species.  When the eyes were closed a 
significantly greater proportion of dull central colour was visible in A. craspedopus 
than A. calcarifer (t = -8.551, P < 0.001), but when the eyes were open the proportion 
of central colour was significantly greater in A. calcarifer than A. craspedopus (t = 
8.551, P < 0.001) (Fig. 3.17). 
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Fig. 3.17.  Proportions of the total eye area occupied by peripheral and central colour in the eyes of A. 
calcarifer and A. craspedopus when the eye is open.  Error bars represent standard errors. 
 
 
3.4.3 Differences Between Sexes of A. calcarifer 
There was no significant difference in the proportions of the lower eyelid occupied by 
the lower portion (t = -1.258, P > 0.05) or the nictitating membrane (t = 1.258, P > 
0.05) between male and female A. calcarifer.  Similarly, there were no significant 
differences between the proportions of the nictitating membrane that were opaque (t = 
0.088, P > 0.05) or transparent (t = -0.088, P > 0.05).  The eye area index was, 
however, significantly greater in male than female specimens (t = 2.444, P = 0.036).  
There was no significant difference in the protrusion index of the sexes (t = -1.887, P > 
0.05).  Similarly, there were no significant differences between the sexes in the 
proportions of the bright peripheral colour when the eyes were closed (t = -1.995, P > 
0.05) or open (t = -1.518, P > 0.05), or dull central colour when the eyes were closed (t 
= 1.518, P > 0.05) or open (t = -1.518, P > 0.05).  Both males and females displayed a 
significantly greater proportion of bright yellow colour visible when the eyes were 
open than when the eyes were closed (males: t = -25.236, P < 0.001; females: t = -
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22.832, P < 0.001).   The proportion of dull central colour visible was significantly 
smaller when the eyes were open than when the eyes were closed (males: t = 3.264, P 
= 0.014; females: t = 2.661, P = 0.026).    
 
3.4.4 Differences Between Developmental Stages of A. calcarifer 
There was no significant difference between adult and young A. calcarifer in the 
proportion of the lower eyelid occupied by the lower portion (t = -2.045, P > 0.05) or 
the nictitating membrane (t = 2.045, P > 0.05).  However, the proportion of the 
nictitating membrane that was transparent was significantly greater in young than adult 
A. calcarifer (t = 3.088, P = 0.005, Fig. 3.18). The proportion of the nictitating 
membrane that was opaque followed the inverse trend (t = -30.88, P = 0.005). 
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Fig. 3.18.  Proportion of the nictitating membrane that is transparent and opaque in adult and young A. 
calcarifer. Error bars represent standard errors. 
 
There was no significant difference between adult and young A. calcarifer in the eye 
area index (t = -1.223, P > 0.05) or the protrusion index (t = 0.877, P > 0.05).  There 
was no significant difference between young and adult A. calcarifer in the proportion 
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of bright peripheral colour visible when the eye was closed (t = 0.1227, P > 0.05). In 
contrast, young A. calcarifer displayed a significantly greater proportion of bright 
peripheral colour visible when the eye was open (t = 3.225, P = 0.004).  Similarly, the 
proportion of dull central colour is significantly greater in young than adult A. 
calcarifer both when the eye is closed (t = -7.119, P < 0.001) and open (t = 7.119, P < 
0.001).  These differences are illustrated in Fig. 3.19. 
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Fig. 3.19.  Proportions of the total eye area occupied by peripheral and central colours when the eye is 
closed and when the eye is open in adult and young A. calcarifer.  Error bars represent standard errors. 
 
The proportion of the bright peripheral colour that is visible is significantly greater 
when the eye is open than when the eye is closed in both adult (t = -28.012, P < 0.001) 
and young (t = -15.755, P < 0.001) A. calcarifer.  The proportion of dull central area is 
significantly smaller in the open eye than the closed eye of adults (t = 3.549, P = 
0.002), but is not significantly different between the open and the closed eye in young 
A. calcarifer (t = -1.008, P > 0.05).  This is illustrated in Fig. 3.20. 
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Fig. 3.20.  Proportions of total eye area occupied by the peripheral and central colours when the eye is 
closed and when the eye is open for adult and young A. calcarifer.  Error bars represent standard errors. 
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3.4 DISCUSSION 
 
3.4.1 Apparent Iris Metachrosis 
The apparent visible changes in iris colouration of A. calcarifer and A. craspedopus 
that were made in preliminary observations were quantified by the data collected in 
this study.  The proportion of the total eye area occupied by the bright peripheral 
colour shows a significant increase when the eye is open relative to when it is closed 
(A. calcarifer: t = -28.012, P < 0.001, A. craspedopus: t = -21.243, P < 0.001; Fig. 
3.10, 3.11).  This was also observed in both sexes and developmental stages of A. 
calcarifer (male: t = -25.336, P < 0.001; female: t = 3.264, P = 0.014; young: t = -
15.775, P < 0.001).  This gives the appearance of iris metachrosis, but in fact the 
distribution of iris pigment appears to remain static regardless of how open the eye or 
the pupil is.  If this is the case, the hypotheses that the pigment cells either migrate or 
change colour to bring about the apparent metachrosis as the eye opens seem unlikely.  
This indicates that the peripheral iris colour is present in a constant pattern, but is 
simply concealed when the eye is closed.  It seems that as the eye opens, the peripheral 
region of the eye is revealed, displaying a greater area of the bright colour. As such, 
this phenomenon cannot be classified as metachrosis as such, as the pigment cells 
themselves are not modulated in any way. 
 
3.4.2 Differences Between Species 
Qualitative analysis of the features of the eyes of the three species suggests that the 
eyes of A. calcarifer and A. craspedopus are more similar to each other than to A. 
callidryas.  A. calcarifer and A. craspedopus both share a number of features that 
differ from A. callidryas and  other Agalychnis species: they have a grey central iris 
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colour with a bright yellow periphery (Fig. 3.5).  They also have markings on their 
nictitating membranes, and the lower portions of their lower eyelids (Hoogmoed and 
Cadle, 1991, Fig. 3.5).  This contrasts with the other six members of the genus, who all 
have a solid iris colour and lack markings on the lower portions of their lower eyelids 
(Duellman, 1970, Fig. 3.5 Fig. 3.12).  The mottled white to grey pattern of the opaque 
regions of the nictitating membrane of A. calcarifer and A. craspedopus is also unique 
in comparison to the gold pigmented reticulations of other Agalychnis frogs (Fig. 3.2 
and Fig. 3.12).  A. calcarifer and A. craspedopus are also the only members of the 
genus that have dermal flaps and black vertical bars on their flanks and barred thighs 
and upper arms (Duellman, 1970). 
 
This distinctiveness of the morphology of A. calcarifer and A. craspedopus within the 
genus in which they are currently classified is reflected in other aspects of their 
biology, such as their breeding biology.  Most phyllomedusines breed only during the 
rainy season, and oviposit on vegetation above ponds, temporary pools or streams 
(Caldwell, 1994, Hoogmoed and Cadle, 1991).  They also fold vegetation around their 
eggs and sometimes deposit water capsules within the clutch to prevent desiccation.  In 
contrast, A. calcarifer and A. craspedopus are the only Agalychnis that deposit small 
egg clutches exclusively above small pools of water formed in the trunks of fallen trees 
in primary forests, and do not deposit water capsules or practice leaf folding (Caldwell, 
1994, Hoogmoed and Cadle, 1991).  The breeding biology of A. calcarifer and A. 
craspedopus is so similar, in fact, that the two species have been interbred to produce 
fertile eggs and offspring that were viable until the tadpole stage (A. Gray, pers. 
comm.). 
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Several unpublished studies also imply that A. calcarifer and A. craspedopus are 
distinct within Agalychnis. Their skin secretions include several proteins that are not 
produced by other Agalychnis frogs (Gray, unpublished).  Furthermore, analysis of the 
mitochondrial 16s rRNA gene of five species of Agalychnis frogs found strong support 
for the pairing of A. calcarifer and A. craspedopus within their own monophyletic 
group, separate from the remaining Agalychnis species, which formed a monophyletic 
group together (Kerfoot, unpublished).   
 
Based on this body of evidence, it is suggested that A. calcarifer and A. craspedopus 
should be reclassified into a monophyletic genus, separate to other Agalychnis frogs. 
This is consistent with Duellman’s (1970) hypothesis that these two species are 
believed to be evolved through geographical isolation from other Agalychnis stock, 
and Hoogmoed and Cadle’s (1991) description of A. calcarifer and A. craspedopus 
being ‘sister species’.    This suggested revision is based on similar data to that used in 
the last major revision of the phyllomedusines, which used morphology including iris 
colour and pattern to reassign certain species into new taxa (Cruz, 1991).   
  
The quantitative morphological data do not distinguish the three species so clearly, and 
the degree of similarity between the species is different for many characteristics 
measured.   
 
3.4.3 Geographic Variation in Morphology 
Minor differences in body colour and pattern is variable not only between individuals 
but between geographical regions.  An example of this is the variation of the colour of 
the flanks and thighs of A. callidryas, which exhibits pale blue flanks in Mexico and 
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Guatemala, and bark blue to purple flanks in Costa Rica and western Panama 
(Duellman, 1970).  There may also be some geographic variation in the iris colouration 
of the study species.  As the specimens were only collected from a single locality for 
each species, the morphological evidence given in this study should therefore be 
interpreted with caution. It alone may not be sufficient to suggest the taxonomic 
revisions proposed here, but because the eye morphology evidence is corroborated by 
further evidence based on external morphology, molecular biology, protein secretions 
and breeding biology, this suggested revision seems valid. 
 
3.4.4 Digital Image Analysis as a Morphometric Tool 
The use of digital image analysis made it possible to quantify the apparent iris 
metachrosis, which would have otherwise been extremely problematic.  It was also 
used to investigate the way in which subtle characteristics such as the composition of 
small body parts such as frog eyelids differed between species.  Although the 
technique was able to quantify these characteristics, they did not prove to be useful 
criteria for comparing species. 
 
3.4.5 Differences Between Sexes of A. calcarifer  
Male and female specimens of A. calcarifer were very similar.  The only significant 
difference was that male specimens had a significantly greater eye area ration than 
females (t = 2.444, P = 0.026).  Hylids in general display few morphological 
differences between the sexes, so this is to be expected (Duellman, 1970). 
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3.4.6 Differences Between Developmental Stages of A. calcarifer 
The proportion of the nictitating membrane that was opaque was significantly greater 
in adults than young A. calcarifer (t = -3.088, P = 0.005, Fig.15). However, the 
proportion of the eye area that is occupied by bright peripheral colours was 
significantly greater in young than adult A. calcarifer when the eye was open (t = 
3.225, P = 0.004, Fig. 3.19). Therefore young A. calcarifer are able to expose a 
relatively greater area of bright colour than adults, any yet they conceal it equally well 
when the eye is closed despite having a more transparent nictitating membrane. 
 
3.4.7 The Role of Iris Colour In Agalychnis Frogs 
The use of brightly coloured areas of the body as flash markings to startle predators 
has been reported in several species including anurans (Bradbury and Vehrencamp, 
1998, Duellman and Trueb, 1994). It is possible that the bright iris of the Agalychnis 
frogs is used in the same way.  All species of Agalychnis are capable of concealing 
their bright iris colour when at rest, and exposing the bright colour quickly.  A bright 
iris for use as flash markings may be a useful anti-predator mechanism, but these 
bright colours must only be revealed when appropriate, to avoid making the animals 
more conspicuous.  If bright eye colouration is used as an anti-predator flash marking 
system, this could explain why young A. calcarifer are able to expose relatively greater 
area of bright colouration than adults, as young animals are more susceptible to 
predators than adults.  They therefore often have better anti-predator mechanisms than 
at later developmental stages (Bradbury and Vehrencamp, 1998). 
 
The eye morphology of A. calcarifer and A. craspedopus appears distinct to that of 
other Agalychnis frogs, and it seems that these two distinct morphological groups 
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represent two different approaches to the concealment of conspicuous bright flash 
markings of the iris.  In A. callidryas and all other Agalychnis species with a solid eye 
colour, pigmented reticulation runs throughout the nictitating membrane, concealing 
the entire iris when at rest (Duellman, 1970, shown partially closed in Fig. 3.2).  In 
contrast, the bright colour of the eye in A. calcarifer and A. craspedopus is restricted to 
the periphery of the iris, and it is therefore not necessary for these species to conceal 
the entire iris in order to conceal the bright colour.  Consequently, the nictitating 
membrane of these species has no opaque reticulation, and a significantly smaller 
proportion of the nictitating membrane is opaque in comparison with A. callidryas (A. 
calcarifer: P < 0.001; A. craspedopus: P < 0.001).  This may allow better vision for A. 
calcarifer and A. craspedopus than A. callidryas when the lower eyelid is covering the 
eye, so could aid predator detection. 
 
There is, however, some opaque pigmentation on the nictitating membrane of A. 
calcarifer and A. craspedopus, although this is not reticulated.  The pigmentation of 
the nictitating membrane of these species may serve to further obscure any bright iris 
colouration that is not covered by the skin when the eye is retracted.  It may also 
obscure other conspicuous features of the eye, such as the pupil (Walls, 1942).  They 
may alternatively be present on the nictitating membrane merely because lichen 
markings are present on the dorsum of A. calcarifer and A. craspedopus, and the 
absence of such markings on the eyelid would in itself make the eye conspicuous. 
 
It is considered that the use of iris colour as flash markings to startle predators is a 
form of inter-specific communication (Bradbury and Vehrencamp, 1998, Duellman 
and Trueb, 1994).  Another possibility is that the difference in the visible iris colour as 
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the eye opens could be used for intra-specific communication.  A. calcarifer is thought 
to use its bright body markings for intra-specific communication (Gray, 2001).  
Several other species communicate with conspecifics using temporal modulation of 
colour by briefly revealing brightly coloured body parts.   An example of this is the use 
of the brightly coloured dew-lap of Anolis lizards, or the brightly coloured skin around 
the eyes of the roadrunner bird, both of which normally conceal these bright areas 
(Bradbury and Vehrencamp, 1998). Similarly, temporal modulation of the eye colour 
and pattern for the purpose of intra-specific communication has been described in the 
Atlantic salmon (Salmo salar) (Suter and Huntingford, 2002).  However, as the colours 
visible in the iris of A. calcarifer and A. craspedopus change every time they open 
their eyes, it is difficult to see how this could be useful in any communication.  Their 
role in flash colouration therefore remains their most likely role. 
 
3.4.8 Conclusions  
Apparent changes in the colour of the iris of A. calcarifer and A. craspedopus were 
able to be quantified using digital image analysis.  A significant increase in the 
proportion of bright peripheral colours is observed in A. calcarifer and A. craspedopus 
as the eye opens.  Observations suggest that this probably occurs by simply revealing 
more of the brightly coloured peripheral region of the eye as opposed to altering the 
distribution of the pigment.   
 
Differences in the eye morphology of the three study species are discussed.  They 
support evidence on breeding biology, protein secretions and molecular biology, 
supporting the suggestion that A. calcarifer and A. craspedopus should be reclassified 
into a separate genus to other Agalychnis frogs.  Differences in the eye morphology 
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between the study species and between the developmental stages of A. calcarifer can 
be explained in terms of their adaptive value.  It is suggested that the bright eye 
colouration of Agalychnis frogs may serve as an anti-predator mechanism.  Differences 
in eye morphology may indicate that A. calcarifer and A. craspedopus have adopted a 
different approach to the use of flash markings of the iris. Little evidence was found 
for sexual dimorphism in A. calcarifer. 
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GENERAL CONCLUSIONS 
 
The population density, population size, and habitat preferences of the Buton macaque 
were assessed using DISTANCE analysis and frame quadrats.  Results indicate that 
overall population density of the macaques in the protected forests of central Buton 
was as 14.9 individuals/km², and the total population size was 3,752.  This population 
is likely to be viable.  No habitat preferences could be identified, but the existing 
habitat appears adequate to support the species. 
 
Data on morphology and behaviour suggest that the species of howler monkey present 
in the northwest Honduras is A. palliata.  Microsatellite analysis was not successful.  
Group size appears smaller at the Cusuco National Park than reported elsewhere for 
howler monkeys, although this is difficult to confirm with the limited data available.  
The overall activity budget and daily activity pattern observed was similar to reports 
on populations from other countries.  
 
Apparent iris metachrosis in A. calcarifer and A. craspedopus was able to be 
quantified using digital image analysis.  This process is thought to occur by simply 
revealing a greater extent of the brightly coloured peripheral region of the eye as 
opposed to altering the distribution of the pigment.  Differences in the eye morphology 
of the three study species are discussed.  It is suggested that the bright eye colouration 
of Agalychnis frogs may serve as an anti-predator mechanism.  
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